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CYTOK3NIN RESPONSE REGULATORS AND USES THEREOF 

5 

Background of the Invention 
This invention relates to genetically-engineered plants having increased 
yield and productivity, shoot, leaf and meristem formation, enhanced 
photosynthesis, and delayed senescence. 

10 Despite long recognition of cytokinins as essential plant hormones 

involved in diverse processes of plant growth and development, including cell 
division, shoot initiation, leaf and root differentiation, chloroplast biogenesis, 
apical dominance, and senescence, the molecular and biochemical mechanisms 
underlying cytokinin actions have not been elucidated (Davies, Plant Hormones: 

15 Physiology, Biochemistry and Molecular Biology,1995, Kluwer Academic 

Publishers, Dordrecht; Meijer and Murray, Curr. Opin. Plant Biol 4: 44-9, 2001; 
MokandMok,v4/imi. Rev. Plant Physiol. Plant Mol Biol 52: 89-118, 2001; 
Quirino et al., Trends Plant Set 5: 278-82, 2000). Recent genetic identification 
of Arabidopsis hybrid histidine protein kinases (AHKs), CKI1 and CRE1, in 

20 cytokinin signalling (Kakimoto, Science 274: 982-5, 1996; Suzuki et al., Plant 
Cell Physiol 42: 107-13, 2001; Inoue et el., Nature 409: 1060-3, 2001), the 
characterization of Arabidopsis response regulators (ARRs) as cytokinin primary 
response genes (D'Agostino et al., Plant Physiol 124: 1706-17, 2000; Kiba et al., 
Plant Cell Physiol 40: 767-71, 1999), and the existence of Arabidopsis histidine- 

25 containing phosphotransmitters (AHPs; Suzuki, Imamura, et al., Plant Cell 
Physiol 39: 1258-68, 1998), have implicated the involvement of a two- 
component phosphorelay mechanism in cytokinin signal transduction. However, 
cellular and molecular evidence is lacking in supporting a complete cytokinin 
signalling circuit in plant cells. 

30 Two-component circuitry, consisting of a histidine kinase (HK) sensor and 

a response regulator (RR) output, are responsible for signal transduction in most 
prokaryotic and some eukaryotic systems. The signalling pathway is initiated by 

l 
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a HK sensor and mediated by phosphotransfer between a conserved histidine 
(His) residue in HKs or histidine-coiitaining phosphotransmitters (HPs) and a 
conserved aspartate (Asp) residue in RRs (W urgler-Murphy and Saito, Trends 
Biochem. Set 22: 172-6, 1997; Stock et al., Annu. Rev. Biochem. 69: 183-215, 
5 2000). Since there are only one HK, one HP, and two RRs in S. cerevisiae, it was 
previously believed that two-component signal transduction has limited function 
in eukaryotes (Stock et al., supra). However, the completion of the Arabidopsis 
genome has revealed over 40 genes encoding putative two-component signal 
transducers, AHKs, AHPs and ARRs, suggesting a significant involvement of the 

10 ancient and conserved signalling mechanism in many facets of plant cell 

regulation (Urao, et al., Trends Plant Set 5: 67-74, 2000). The identification of 
conserved HK signature motifs and/or activity in the photoreceptor phytochrome, 
putative osmosensor, and the ethylene and cytokinin receptors in Arabidopsis 
further supports this view (Inoue et al., supra; Urao, et al., supra; Yeh and 

15 Lagarias, Proa Natl Acad. Sci. USA 95: 13976-81, 1998; Bleecker and Kende, 
Annu. Rev. Cell Dev. Biol 16: 1-18, 2000). 

In eukaryotic signal transduction, the two-component circuit often 
provides a link between the HK sensor to a MAP kinase (MAPK) signaling 
cascade. For example, the osmosensing signal transduction pathway in yeast is 

20 mediated by the SLN1/YPD1/SSK1 phosphorelay. The RR SSK1 then activates 
the HOG1 MAPK cascade in the cytosol to control gene expression (Maeda et al., 
Nature 369: 242-5, 1994; Posas et al., Cell 86: 865-75, 1996; Posas and Saito, 
EMBOJ. 17: 1385-94, 1998). It has been speculated that plant HKs such as the 
ethylene receptor (ETR1) and a putative osmosensor (AHK1) can initiate a 

25 phosphorelay and transmit the signal through a MAPK cascade (Bleecker and 
Kende, supra; Gamble et al„ Proc. Nad. Acad. Set USA 95: 7825-9, 1998: Clark 
et al., Proc. Natl Acad. Sci. U SA 95: 5401-6, 1998; Urao et al., Plant Cell 11: 
1743-54, 1999). Due to the lack of physiological plant cell assays, the 
mechanisms of HK action and the signal transduction pathways of any HK- 

30 mediated plant responses, including cytokinin signalling, remain obscure. 

2 
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Summary of the Invention 
The present invention capitalizes on the discovery that manipulation of the 
expression of cytokinin response regulators increases plant yield growth, and 
5 productivity. 

In one aspect, the invention features a method for increasing yield in a 
plant, the method including the steps of: (a) introducing into plant cells a 
transgene including DNA encoding a B-type response regulator operably linked 
to a promoter functional in plant cells to yield transformed plant cells; and (b) 

10 regenerating a plant from the transformed cells, wherein the B-type response 
regulator is expressed in the cells of the transgenic plant, thereby increasing yield 
in the plant. In preferred embodiments, the B-type response regulator is a 
crucifer B-type response regulator (for example, ARR1 (SEQ ID NO.: 2); ARR2 
(SEQ ID NO.: 3); and ARR10 (SEQ ID NO.: 9)). 

IS In a second aspect, the invention features a method for increasing yield in 

a plant, the method including the steps of: (a) introducing into plant cells a 
transgene operably linked to a promoter functional in plant cells to yield 
transformed plant cells; and (b) regenerating a plant from the transformed cells, 
wherein expression of the transgene reduces expression of an A-type response 

20 regulator in the cells of the plant, thereby increasing yield in the plant In 
preferred embodiments, the A-type response regulator is a crucifer A-type 
response regulator (for example, ARR 4 (SEQ ID NO.: 5); ARR 5 (SEQ ID NO.: 
6); ARR 6 (SEQ ID NO.: 7); and ARR 7 (SEQ ID NO.: 8)). In other preferred 
embodiments, the transgene expresses an antisense molecule of A-type response 

25 regulator; a dominant negative gene product of A-type response regulator; or 
expression of the transgene results in the co-suppression of the A-type response 
regulator. 

In a third aspect, the invention features a method for increasing shoot 
formation in a plant, the method including the steps of: (a) introducing into plant 
30 cells a transgene including DNA encoding a B-type response regulator operably 
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linked to a promoter functional in plant cells to yield transformed plant cells; and 
(b) regenerating a plant from the transformed cells, wherein the B-type response 
regulator is expressed in the cells of the plant, thereby increasing shoot formation 
in the plant In preferred embodiments, the method includes the use of a B-type 
5 response regulator that is a crucifer B-type response regulator. 

In a fourth aspect, the invention features a method for increasing shoot 
formation in a plant, the method including the steps of: (a) introducing into plant 
cells a transgene operably linked to a promoter functional in plant cells to yield 
transformed plant cells; and (b) regenerating a plant from the transformed cells, 

10 wherein expression of the transgene reduces expression of an A-type response 
regulator in the cells of the plant, thereby increasing shoot formation in the plant. 

In a fifth aspect, the invention features a method for delaying senescence 
in a plant, the method including the steps of: (a) introducing into plant cells a 
transgene including DNA encoding a B-type response regulator operably linked 

IS to a promoter functional in plant cells to yield transformed plant cells; and (b) 
regenerating a plant from the transformed cells, wherein the B-type response 
regulator is expressed in the cells of the plant, thereby delaying senescence in the 
plant 

In a sixth aspect, a method for delaying senescence in a plant, the method 
20 including the steps of: (a) introducing into plant cells a transgene operably linked 
to a promoter functional in plant cells to yield transformed plant cells; and (b) 
regenerating a plant from the transformed cells, wherein expression of the 
transgene reduces expression of an A-type response regulator in the cells of the 
plant, thereby delaying senescence in the plant 
25 In a seventh aspect, the invention features a method for increasing yield in 

a plant, the method including the steps of: (a) introducing into plant cells a 
transgene including DNA encoding a histidine kinase operably linked to a 
promoter functional in plant cells to yield transformed plant cells; and (b) 
regenerating a plant from the transformed cells, wherein histidine kinase is 

30 
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expressed in the cells of the plant, thereby increasing yield in the plant In 
preferred embodiments, the histidine kinase is a crucifer histidine kinase (for 
example, CKI1 (SEQ ID NO.: 13) and CRE1 (SEQ ID NO.: 18)). 

In an eighth aspect, the invention features a method for increasing shoot 
5 formation in a plant, the method including the steps of: (a) introducing into plant 
cells a transgene including DNA encoding a histidine kinase operably linked to a 
promoter functional in plant cells to yield transformed plant cells; and (b) 
regenerating a plant from the transformed cells, wherein histidine kinase is 
expressed in the cells of the plant, thereby increasing shoot formation in the plant. 

10 In a ninth aspect, a method for delaying senescence in a plant, the method 

including the steps of: (a) introducing into plant cells a transgene including DNA 
encoding a histidine kinase operably linked to a promoter functional in plant cells 
to yield transformed plant cells; and (b) regenerating a plant from the transformed 
cells, wherein histidine kinase is expressed in the cells of the plant, thereby 

15 delaying senescence in the plant 

The invention further includes plants and plant components expressing 
one, or a combination of two or more, of the aforementioned transgenes. The 
invention also encompasses methods of generating these plants or plant 
components, which may involve introducing the transgenes individually to 

20 separate plants or plant components, and then crossing the appropriate genotypes 
to get the desired transgene combination. Alternatively, one or more constructs 
expressing a desired combination of transgenes may be generated and then 
introduced into fee plant or plant component 

For example, the invention also relates to a plant or plant component 

25 comprising at least one transgene encoding (i) an A-type response regulator 
polypeptide, (ii) an antisense A-type response regulator RNA, (iii) a dominant 
negative A-type response regulator polypeptide, (iv) a B-type response regulator 
polypeptide, (v) an antisense B-type response regulator RNA, (vi) a dominant 
negative B-type response regulator, (vii) an antisense HK RNA, (viii) a dominant 

30 
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negative HK polypeptide, or any combination of (i) — (viii). In addition, the 
invention includes any of the aforementioned plants further including a transgene 
encoding a histidine kinase polypeptide. 

The invention further includes a plant or plant component that includes: 
5 (a) a first transgene encoding (i) an A-type response regulator polypeptide, (ii) an 
antisense A-type response regulator RNA, or (iii) a dominant negative A-type 
response regulator polypeptide or combination thereof; (b) a second transgene 
encoding (iv) a B-type response regulator polypeptide, (v) an antisense B-type 
response regulator RNA, (vi) a dominant negative B-type response regulator or 

10 combination thereof, and (c) a third transgene encoding (vii) a HK polypeptide; 
(viii) an antisense HK RNA, (ix) a dominant negative HK polypeptide or 
combination thereof. 

Exemplary plants which are useful in the methods of the invention, as well 
as for generating the plants (or plant cells, plant components, plant tissues, or 

15 plant organs) of the invention, include dicots and monocots, such as sugar cane, 
wheat, rice, maize, sugar beet, barley, manioc, crucifer, mustard, potato, soybean, 
sorghum, cassava, banana, grape, oats, tomato, millet, coconut, orange, rye, 
cabbage, apple, eggplant, watermelon, canola, cotton, carrot, garlic, onion, 
pepper, strawberry, yam, papaya, peanut, onion, legume, bean, pea, mango, and 

20 sunflower. 

By "operably linked" is meant that a gene and a regulatory sequencers) are 
connected in such a way as to permit gene expression when the appropriate 
molecules (for example, transcriptional activator proteins) are bound to the 
regulatory sequences). 

25 By "plant cell" is meant any self-propagating cell bounded by a semi-plant 

component expression control permeable membrane and containing a plastid. 
Such a cell also requires a cell wall if further propagation is desired. Plant cell, as 
used herein, includes, without limitation, algae, cyanobacteria, seeds, suspension 
cultures, embryos, meristematic regions, callus tissue, leaves, roots, shoots, 

30 gametophytes, sporophytes, pollen, and microspores. 
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By **plant component" is meant a part, segment, or organ obtained from an 
intact plant or plant cell. Exemplary plant components include, without 
limitation, somatic embryos, leaves, stems*, roots, flowers, tendrils, fruits, scions, 
and rootstocks. 

5 By 'transgene" is meant any piece of DNA which is inserted by artifice 

into a cell, and becomes part of the genome of the organism which develops from 
that cell. Such a transgene may include a gene which is partly or entirely 
heterologous (i.e., foreign) to the transgenic organism, or may represent a gene 
homologous to an endogenous gene of the organism. 

10 By "transgenic" is meant any cell which includes a nucleic acid sequence 

(e.g., a recombinant DNA sequence) which is inserted by artifice into a cell and 
becomes part of the genome of the organism which develops from that cell. As 
used herein, the transgenic organisms are generally transgenic plants and the 
DNA (transgene) is inserted by artifice into the nuclear or plastidic genome. 

15 By "yield" or ^plant yield" is meant increased growth (e.g., crop growth) 

or increased biomass. For example, increased yield results from increased shoot 
growth or meristem formation. Plants expressing the genes disclosed herein 
exhibiting increased yield can be selected by visual observation, for example by 
comparison with a wild-type plant 

20 By "reducing expression" or ^reduces expression" is meant a decrease in 

the level of gene expression (for example, expression of a gene encoding a A-type 
response regulator) by at least 30-50%, preferably by at least 50-80%, and more 
preferably by at least 80-95% or greater relative to the level in a control plant (for 
example, a wild-type plant). Reduction of such expression levels may be 

25 accomplished by employing standard methods which are known in the art 
including, without limitation, antisense and co-suppression technologies, 
expression of a dominant negative gene product, or through the generation of 
mutated genes using standard mutagenesis techniques. Levels of negative 
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regulator polypeptide or transcript are monitored according to any standard 
technique including, but not limited to, northern blotting, RNase protection, or 
immunoblotting. 

By "crucifer" is meant any plant that is classified within the Cruciferae 
5 family. The Cruciferae include many agricultural crops, including, without 

limitation, rape (for example, Brassica campestris and Brassica napus), broccoli, 
cabbage, brussel sprouts, radish, kale, Chinese kale, kohlrabi, cauliflower, turnip, 
rutabaga, mustard, horseradish, and Arabidopsis. 

By "a promoter functional in a plant cell" is meant any minimal sequence 

10 sufficient to direct transcription in a plant cell. Included in the invention are 
promoter elements that are sufficient to render promoter-dependent gene 
expression controllable for cell-, tissue-, or organ-specific gene expression, or 
elements that are inducible by external or internal agents (for example, 
cytokinins), or elements that are capable of cycling gene transcription; such 

15 elements may be located in the 5* or 3' regions of the native gene or engineered 
into a transgene construct 

The invention provides a number of important advances and advantages 
for improving and enhancing agronomically important traits such as 
photosynthesis, productivity, yield, leaf, shoot, and meristem formation, and 

20 delaying senescence. In particular, the invention provides for increased 

production efficiency, as well as for improvements in quality and yield of crop 
plants and ornamentals. Thus, the invention contributes to the production of high 
quality and high yield agricultural products; for example, fruits, ornamentals, 
vegetables, cereals, and field crops. Geneticafly-improved seeds and other plant 

25 products that are produced using plants expressing the genes and methods 

described herein also render farming possible in areas previously unsuitable for 
agricultural production The mechanisms disclosed herein for increasing plant 
yield and productivity is expected to be ubiquitous throughout the plant kingdom. 
Other features and advantages of the invention will be apparent from the 

30 following description of the preferred embodiments thereof, and from the claims. 
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Brief Description of the Drawings 
Figure 1A is a bar graph showing the specificity of plant hormone 
responses in the Arabidopsis mesophyll protoplast transient expression system. 
5 Figure IB is a graph depicting a cytokinin dose response for the ARR6 

promoter induction. 

Figure 1C is a bar graph showing the induction of the ARR6 promoter by 
different cytokinins. 

Figure ID shows that CKI1 activation of ARR6-LUC requires HK activity 
10 and phosphorelay. The photograph (top) shows an autoradiogram depicting the 
expression of CKI1 proteins. The bar graph (bottom) shows the results of 
transfected protoplasts that were incubated for 3 hours to allow effector gene 
expression before cytokinin treatment for another 3 hours. 

Figure IE shows that CRE1 confers cytokinin hypersensitivity on the 
15 activation of the ARR6-LUC reporter. The photograph (top) shows an 

autoradiogram depicting the expression of Arabidopsis HK proteins. The results 
of this incubation with cytokinin are shown in the bar graph (bottom). 

Figure IF shows a series of a photomicrographs showing that CKI1 is 
localized at the plasma membrane. 
20 Figure 2A demonstrates that AHP acts as a shuttle between the cytosol 

and nucleus in cytokinin signalling. The photograph (top) depicts an 
autoradiogram demonstrating expression of AHP proteins. The bar graph 
(bottom) shows the effect of cytokinin treatment on plasmid expression. 
Figure 2B shows a series of photomicrographs demonstrating that 
25 cytokinin induces transient AHP translocation. 

Figure 3A shows negative and positive regulation by ARRs. The 
photograph depicts an autoradiogram (top) showing the expression of 
Arabidopsis ARR proteins. The bar graph (bottom) shows the activity of ARR6 
promoter activity when cells were then incubated with or without 100 nM f-zeatin 
30 for another 3 hours before the activity was measured 
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Figure 3B shows that ARRs act downstream of CKI1 in cytokinin 
signalling. 

Figure 3C shows a series of photomicrographs demonstrating that 
Arabidopsis ARRs are localized in the nucleus. 
5 Figure 4A is a photograph showing that ectopic expression of ARR2 is 

sufficient to promote cytokinin responses in transgenic tissues and plants when 
exposed to auxin. 

Figure 4B is a photograph showing that ectopic expression of ARR2 is 
sufficient to promote cytokinin responses in transgenic tissues and plants when 
10 exposed to both auxin and cytokinin. 

Figure 4C is a photograph demonstrating that cytokinin signaling delays 
dark-induced senescence in transgenic Arabidopsis plants. 

Figure 5 is a schematic of a model of the cytokinin signal transduction 
pathway in Arabidopsis. 

15 

Detailed Description 

Overview 

Cytokinins are essential plant hormones involved in shoot meristem and 
leaf formation, cell division, chloroplast biogenesis, and senescence. Although 

20 hybrid histidine protein kinases (HKs) have been implicated in cytokinin 

perception in Arabidopsis ; the action of HK receptors and downstream signalling 
pathways remain elusive in plant cells. To study the action of HK receptors and 
downstream signaling pathways, a mesophyll protoplast transient assay based on 
the transcription activation of a cytokinin primary response gpnzARR6 in 

25 Arabidopsis was developed. The use of this high-throughput cell assay for 
functional genomic analysis of the two-component regulators has provided a 
powerful tool to decipher the first complete cytokinin signalling pathway. Rather 
than following the established eukaryotic HK and MAPK cascade paradigm, 
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plant two-component signalling can integrate multiple HK activities to common 
AHPs as cytoplasm and nuclear shuttles, and distinct nuclear ARRs as master 
regulatory outputs. 

As is described in more detail below, a new eukaryotic two-component 
5 signalling circuit that initiates cytokinin signalling by employing distinct hybrid 
HK activities at the plasma membrane has been identified. In particular, AHPs 
are shown to act as novel eukaryotic signalling shuttles between the cytoplasm 
and nucleus in a transient and cytoldnin-dependent manner. The short signalling 
circuit reaches the nuclear target genes by de-repressing nuclear response 

10 regulators ARR1, ARR2, and ARR10 as transcription activators. The cytokinin- 
inducible ARR4, ARRS, ARR6, and ARR7 act as transcription repressors, 
suggesting a negative feedback loop. Thus, the Arabidopsis cytokinin signal 
transduction pathway consists of four major steps: HK sensing and signalling, 
AHP translocation, ARR de-repression, and a negative feedback loop by 

IS cytokinio-inducible ARRs. Transgenic tissue and plant analyses support the 
importance of tins core signalling pathway in diverse cytokinin responses. 
Furthermore, ectopic expression of the master regulator ARR2 as the rate-limiting 
two-component output in transgenic Arabidopsis was sufficient to mimic 
cytokinin in promoting shoot meristem proliferation, leaf differentiation, 

20 expansion, and longevity. 

The examples provided below are for the purposes of illustrating the 
invention, and should not be construed as limiting. 

Cytokinin Signal is Perceived and I nitiated by the Multiple HK receptors 
25 To elucidate the regulatory circuitry in cytokinin signal transduction, a leaf 

cell assay based on cytokinin inducible transcription in Arabidopsis mesophyll 
protoplasts was developed. The 2.4 kb promoter of an Arabidopsis cytokinin 
primary response gene (SEQ ID NO.: 1), encoding the response regulator 6 
(ARR6) 9 was fused to the firefly luciferase (LUC) reporter. In Fig. 1 A, 
30 transfected protoplasts were incubated with or without 100 nM f-zeatin, 1 pM 

11 
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indole-3-acetic acid (IAA), or 100 pM ABA. After 3 hours of incubation, LUC 
and GUS activities were determined. In transfected protoplasts, the activity of 
ARR6-LUC was specifically induced by cytokinin but not by other plant 
hormones such as abscisic acid (ABA) or auxin (Fig. 1 A). 
5 In the same system, the GH3 promoter was only activated by auxin, 

whereas the RD29A promoter was solely induced by abscisic acid (ABA), 
demonstrating the specificity of three plant hormone responses in Arabidopsis 
mesophyll protoplasts (Fig. 1A). The activity of ARR6-LUC was induced by 
physiological concentration of a natural cytokinin /ra/w-zeatin (f-zeatin) from 1 to 

10 100 nM (Fig. IB). 

To further show the specificity of the cytokinin response, various active 
and inactive cytokinin analogues were examined. Only the active cytokinins, t- 
zeatin, 2-isopentenyladenine (2-IP; 100 nM) and benzyladenine (BA; 100 nM), 
induced the reporter gene ARR6-LUC (Fig. 1C). 

15 The response in the protoplast system is similar to the cytokinin activation 

of various ARR genes shown in plonta (D'Agostino et aL, supra; Kiba et al., 
supra). Thus, we have established a reliable and physiological system to dissect 

* 

the regulatory components in the cytokinin signal transduction pathway in 
Arabidopsis. 

20 

Ovrtokinin Signalling by Distinct HK Receptors and Phosphorelav 

Despite the genetic identification of histidine kinases (HKs) as receptors 
for the plant hormones ethylene and cytokinin in Arabidopsis y whether or where 
HK activity is important for signal transduction in plant cells remains an 

25 unresolved question due to the lack of physiological plant cell assays. CKI1, a 
hybrid HK with a conserved response regulator (RR) receiver domain has been 
implicated in cytokinin responses (Kakimoto, supra). The enhanced CKI1 
expression in Arabidopsis shooty callus mutants also supports its role in cytokinin 
signalling (Frank et al., Plant Physiol. 122: 721-9, 2000). However, the 

30 biochemical mechanism of CK11 function and its role in cytokinin signalling are 

12 
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still unknown. To determine whether CKI1 mediates cytokinin responsive 
transcription, the full-length CK11 gene (SEQ ID NO.: 13) was tagged with 
double haemagghitinin epitope (DHA) sequence and fused to a constitutive 
promoter, and co-transfected with ARR6-LUC into the Arabidopsis protoplasts. 
5 Specifically, protoplasts were cotransfected with the ARR6-LUC reporter and the 
effector plasmid expressing CKI1 (SEQ ID NO.: 13), CKI1(H405Q) (SEQ ID 
NO.: 14), CKI1(D1050N) (SEQ ID NO.: 15), CKI1-GFP, or mER7-GFP 
(control). As shown in Fig. ID, the wild-type CKI1 activated the ARR6 promoter 
without exogenous f-zeatin. It is possible that over-expression of CKI1 renders 

10 protoplasts hypersensitive to endogenous cytokinin and/or exceeds the capacity of 
negative regulators. Alternatively, CKI1 could encode a constitutively active HK 
connected to the cytokinin signal transduction pathway. Cytokinin treatment 
hardly enhanced the reporter gene activity in the presence of CKI1 (Fig. ID). 
To determine whether the HK activity and phosphorelay are required for 

15 CKI1 activation of the ARR6 promoter, the conserved His 405 and Asp 1040 
residues in the HK and phosphorylation sites, respectively, were mutated. 
Specifically, protoplasts were transfected with plasmid DNA expressing CKI1 
(SEQ ID NO.: 13), CKI (H405Q) (SEQ ID NO.: 14) and CKI1(D1040N) (SEQ 
ID NO.: 15), or vector DNA as a control. The [ 35 S]methionine labeled protein 

20 from transfected protoplasts was immunoprecipitated with anti-HA and proteinA- 
agarose, and analyzed by SDS-PAGE. Despite comparable expression of the 
CKI1(H405Q) and CKI1(D1050N) mutants as the wild-type CKI1, neither could 

activate the expression of ARR6-LUC (Fig. ID). Furthermore, the CKI1(H405Q) 

» 

mutant served as a strong dominant negative mutant to block the activation of the 
25 ARR6 promoter by exogenous /-zeatin. The CKI1 (D 1040N) mutant is less potent 
These results indicated that HK activity and phosphorelay from His 405 to D1040 
are required for the CKI1 function in activating cytokinin signalling. Moreover, 
the dominant negative CKI1(H405Q) mutant might interfere with cytokinin 
perception and/or disturb downstream signalling. 
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Recently, another Arabidopsis hybrid HK, CRE1/AHK4/WOL, has been 
shown to be a cytokinin receptor. The evidence is based on the inability of the 
crel mutant to respond to cytokinin in the shoot induction assay and its ability to 
complement HK mutants of budding and fission yeast and E. coli in a cytokinin- 
5 dependent manner (Suzuki et al., supra; Inoue et al., supra; Mahonen et al., 
Genes Dev. 14:2938-43,2000). Since CRE1/AHK4/WOL is predominantly 
expressed in roots (Mahonen et al., supra; Ueguchi et al., Plant Cell Physiol 42: 
231-5, 2001) and the crel and wol recessive mutants lack an obvious leaf 
phenotype (Inoue et al., supra; Mahonen et al., supra; Ueguchi et al., supra), it is 

10 possible that other closely related Arabidopsis HK genes, such as AHK2 and 
AHK3, and CKI1 provide cytokinin receptor functions in promoting shoot 
meristem and leaf formation, and delaying leaf senescence (Inoue et al., supra; 
Ueguchi et al., supra). 

To directly test the function of these HKs in cytokinin signalling, 

15 constructs expressing AHK2 (SEQ ID NO.: 16), AHK3 (SEQ ID NO.: 17), or 
CRE 1 ( AHK4/WOL) (SEQ ID NO.: 1 8) were cotransfected into Arabidopsis 
protoplast with the cytokktin-inducible reporter ARR6-LUC. Specifically, 
protoplasts were cotransfected with the ARR6-LUC reporter and the effector 
plasmid expressing AHK2, AHK3, CRE1 (AHK4/WOL), CRE1(H467Q) (SEQ 

20 ID NO.: 19), CRE1(D973N) (SEQ ID NO.: 20), or mER7-GFP (control), and 
were analyzed after 6 hours of cytokinin treatment. Different from the CKI1 
activation, over-expression of AHK2, AHK3, or CRE 1 (AHK4/WOL) did not 
enhance the expression of ARR6-LUC from the basal level in the absence of 
exogenous cytokmin. However, cytokimn treatment resulted in further activation 

25 of the reporter, especially for CREl(AHK4/WOL) (Fig. IE). The requirement of 
the conserved His 467 and Asp 973 residues in the HK and the receiver domain, 
respectively, for the CRE1 activity was also tested. In Fig. IE top, the expression 
of Arabidopsis HK proteins was detected by [ 35 S]methionine-labeled AHK2 
(SEQ ID NO.: 26), AHK3 (SEQ ID NO.: 27), CREl(AHK4AVOL) (SEQ ID 

30 NO.: 28), CRE1(H467Q) (SEQ ID NO.: 29), and CRE1(D973N) (SEQ ID NO.: 
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30) that were immunoprecipitated and analyzed by SDS-PAGE. CRE1(H467Q) 
and CRE1(D973N) mutants lost their ability to further enhance ARR6-LUC 
expression in the presence of exogenous cytokinin (Fig. IE). 

Moreover, both mutants also imposed a dominant negative effect on 
5 blocking cytokinin signalling. Similar to the CKI1 mutants, the His mutant is 
more potent than the Asp mutant, perhaps due to the flexible phosphorelay 
process between mutant and wild-type HKs. These results indicated that 
cytokinin signals are sensed by multiple HK receptors with different or 
overlapping expression patterns. Although CRE1 is predominantly expressed in 

10 roots (Mahonen et al., supra; Ueguchi et al., supra), it can certainly function in 
leaf cells as a cytokinin receptor. However, CKI1 and CRE1 represent two 
different types of cytokinin receptors that require HK activity and phosphorelay 
to initiate cytokinin signalling, but have different regulatory mechanisms and 
probably distinct affinity or specificity for cytokinins. 

IS To gain insight into where the cytokinin signalling is perceived, the sub- 

cellular localization of CKI1 was examined using the CKI1-GFP fusion. We first 
confirmed that CKI1-GFP acted similarly as CKI1-HA in the protoplast assay 
based on ARR6-LUC activation (Fig. ID). Confocal microscopy showed that 
CKI1 is mainly localized to the plasma membrane but not in the cytosol, ER or 

20 nucleus, indicated by various GFP markers (Fig. IF). Specifically, protoplasts 
were transfected with CKI1-GFP or various GFP marker plasmid DNA. 
Tunicamycin (1 jig/ml) treatment was for 12 hours. The transfected protoplasts 
were analyzed with a confocal microscope. The subcellular GFP markers are 
"CAT-GFP" for the cytosol, "ER-GFP" for the endoplasmic reticulum, and "N- 

25 GFP" (HSP-GFP) for the nucleus. Since the N-terminus of CKI1 is replete with 
putative glycosylation sites, the effect of a glycosylation inhibitor, tunicamycin, 
in CKI1-GFP expression, localization or function was examined. Although 
tunicamycin did not affect the expression of other GFP constructs, the expression 
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of CKI1-GFP was completely abolished (Fig. IF). This result showed that the 
glycosylation of CKI1 is important for its stability, processing and/or trafficking 
in plant cells. 

5 HPs Acts as a Shuttle Between the Cvtosol and Nucleus Shuttles in Cy toVinin 
Signalling 

The studies of multistep phosphorelay in yeast osmosensing and in various 
prokaryotic systems have shown the use of his ti dine- containing 
phosphotransmitters (HP) as signal transducers between receptors and response 

10 regulators (Stock et al., supra; Posas et al., supra; Uhl and Miller, EMBO J. 15: 
1028-36, 1996). The analysis of the Arabidopsis genome has revealed at least 
five genes encoding putative AHPs with unknown physiological functions. To 
determine whether AHPs are involved in the cytokinin signal transduction, 
AHP1, AHP2, and AHPS were cloned into the plant expression vector and tested 

15 in the protoplast cytokinin response assay based on the ARR6-LUC reporter 

activity. AHP1, AHP2, and AHPS slightly increased the expression of the ARR6- 
LUC with or without l-zeatin (Fig. 2A). Specifically, protoplasts were 
cotransfected with the ARR6-LUC reporter and an effector plasmid carrying 
AHP1 (SEQ ID NO.: 21), AHP2 (SEQ ID NO.: 22), AHPS (SEQ ID NO.: 23), or 

20 AHP1 mutants (SEQ ID NOS.: 24 and 25). Transfected protoplasts were 

incubated for 6 hours to allow effector expression before cytokinin treatment for 
3 hours. The AHP1 mutant, where the conserved His79 was replaced with Gin, 
did not repress the c>loldnin activation of ^7?6-it/C. Even the AHP1(H77Q, 
H79Q; SEQ ID NO.: 25) double mutant was not able to inhibit the ARR6-LUC 

25 activation by cytokinin. AHPs and AHP1 mutants were expressed at comparable 
levels in the protoplast system (Fig. 2A top). This result indicated that AHPs are 
not the limiting factor or the key switch/regulators in cytokinin signalling. Their 
action as potential mediators may require cytokinin-dependent modification. 
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Previous in vitro studies have suggested that AHP1 and AHP2 could interact with 
the receiver domain of CKI1 (Nakamura et al., Biosci. Biotechnol Biochem. 63: 
1627-30, 1999). 

To gain further in vivo support for the involvement of AHPs in cytokinin 
5 signalling, the action of AHP1-GFP in transfected protoplast in the absence or 
presence of cytokinin was followed using fluorescence microscopy* Specifically, 
protoplasts were transfected with AHP1-GFP, AHP2-GFP, or AHP5-GFP and 
incubated for 3 hours to allow sufficient expression. After /-zeatin (100 nM) 
treatment for 30 minutes, transfected cells were observed under a fluorescence 

10 microscope. As shown in Fig. 2B, AHP1-GFP was mainly localized in the 

cytoplasm without cytokinin stimulation, but was translocated into the nucleus by 
/-zeatin treatment The cytokinin-dependent translocation of AHP 1 -GFP was 
transient, occurring within 30 to 90 minutes after cytokinin treatment (Fig. 2B). 
AHP2-GFP showed similar cytokinin-dependent translocation but not AHP5- 

1 5 GFP, suggesting their different functions in plant cells. Thus, AHP1 and AHP2 
are believed to serve as shuttles and phosphorelay carriers between the cytokinin 
receptors and the downstream nuclear responses. 

O pposite Regulation of Early Cytokinin Response Gene Transcription by Two 

20 Types of Nuclear RRs in Cytokinin Signalling 

The requirement of HK activity and phosphorelay in the initiation of 
cytokinin signalling from CKI1 and CRE1, the cytokinin-inducible AJRR6 
expression, the cytokinin-dependent translocation of AHPs into the nucleus, and 
the physical interaction of AHPs and ARRs in yeast (Suzuki et al., Plant Cell 

25 Physiol. 42: 37-45, 2001) suggest that some ARRs may act downstream in 

cytokinin signal transduction. There are two major subfamilies of RR genes in 
the Arabidopsis genome: the cytokinin-inducible A type and the DNA-binding B 
type (Urao, et al., supra; D'Agostino and Kieber, Trends Biochem. Sci. 24: 452-6, 
1999; Sakai et al., Plant J. 24: 703-1 1, 2000). To investigate whether any 

30 Arabidopsis RRs are involved in cytokinin signalling, four representative A-type 
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ARR genes and three B-type ARR genes were cloned into a standard plant 
expression vector with an HA or GFP tag. Specifically, protoplasts were 
cotransfected with the ARR6-LUC reporter and the effector plasmid carrying 
ARR1, ARR2, ARR4, ARR5, ARR6, ARR7, ARR10, or various mutants, ARR2 
5 (D80N) (SEQ ID NO.: 10), ARR4(D95tf) (SEQ ID NO.: 1 1), and ARR6(D76N) 
(SEQ ID NO.: 12). As shown in Fig. 3A, A-type ARRs, such as ARR4, ARR5, 
ARR6, and ARR7, repressed ARR6-LUC activity induced by 100 nM f-zeatin. 
Although ARR6 seemed to be expressed at lower abundance, its repression 
activity was the strongest 

10 In contrast, the B-type ARRs, such as ARR1, ARR2, and ARR10, 

dramatically activated ARR6-LUC expression. Over-expression of ARR1 , ARR2, 
and ARR10 was sufficient to activate cytokinin signalling at different levels in 
the absence of exogenous cytokinin. ARR1 and ARR2 activated ARR6-LUC 
about 40- and 400-fold, respectively. Cytokinin treatment further enhanced the 

15 eftect of ARR2 on ARR6-LUC to over 1000-fold. The lower activation by ARR1 
could be due to its lower expression level in transfected protoplasts. In the 
absence of cytokinin, ARR10 could activate AKR6-LUC about 10 fold. Cytokinin 
enhanced the effect of ARR10 on the ARR6-LUC activity another 10-20 fold. 
The differential effect of ARR2 and ARR10 in activating cytokinin signalling 

20 could be attributed to differences in their intrinsic activities in DNA binding 
and/or transcription activation. It could also be due to their distinct affinity to 
endogenous repressors that likely exist in leaf protoplasts to prevent cytokinin 
signalling under unstimulated condition. Surprisingly, mutations of the 
conserved Asp residue in the receiver domains of ARR4(D95N), ARR6(D76N), 

25 and ARR2(D80N) did not lead to alteration of their repression and activation 
functions, respectively, in cytokinin signalling (Fig. 3A). The transfected cells 
were incubated for 3 hours to allow effector protein expression. This result is 
consistent with the model that phosphorelay stimulated by cytokinin may be 
involved in de-repression of the positive regulators like ARR1, AKR2, and 
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ARR10. Over-expression of these ARRs likely bypasses the negative regulation 
and causes constitutive c^okinin responses without the signal. 

To further support the role of ARR2 in cytokinin signalling, we designed a 
dominant mutant of ARR2 (AARR2) (SEQ ID NO.: 4) containing only the DNA 
5 binding domain but not the putative transcription activation and the receiver 

domains (Sakai et al., supra). If AARR2 can compete with the endogenous ARRs 
in binding to the ARR6 promoter without transcription activation, it may block 
cytokinin- or CKI1 -dependent activation of AKR6-LUC. In Fig. 3B, protoplasts 
were cotransfected with the ARR6-LUC reporter alone or with the effector 

10 plasmids as indicated. Transfected protoplasts were incubated for 6 hours to 
allow effector protein expression before treatment with 100 nM f-zeatin for 3 
hours. As shown in Fig. 3B, the dominant negative mutant of ARR2 could 
effectively block ARR6-LUC expression in the presence of 100 nM f-zeatin or 
CKI1, suggesting that ARR2 and/or ARR2-like proteins act downstream of 

15 cytokinin and CKI1 -initiated phosphorelay as the nuclear targets in the cytokinin 
signal transduction pathway. Furthermore, the dominant negative effect of the 
CKI1(H450Q) mutant on the protoplast response to exogenous cytokinin could be 
bypassed by over-expression of the wild-type ARR2 (Fig. 3B). These epistasis 
analyses place ARR2 downstream of multiple cytokinin HK receptors. The 

20 finding of multiple ARR2 binding motifc, (G/A)GAT(T/C), in the promoter 
regions of AJRR6 and other cytokinin-inducible genes suggests that ARR2 could 
be a master regulator in cytokinin signalling (Id.). Exogenous cytokinin-imtiated 
phosphorelay through CRE1, or AHK2 and AHK3 likely converges with the 
CK31 phosphorelay on the common AHP shuttles and the nuclear ARR 

25 transcription activators. 

To provide more evidence that the A-type and B-type ARRs are 
transcription repressors and activators, respectively, in cytokinin signalling, the 
sub-cellular localization of ARR6-GFP and ARR2-GFP was examined. In Fig. 
3C, Protoplasts were transfected wiihARR2-GFP, ARR2(D80N)-GFP, AARR2- 

30 GFP, or ASR6-GFP plasmid DNA and observed after 3-6 hours of incubation 
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with a fluorescence microscope. Both types of ARRs are exclusively localized in 
the nucleus regardless of the cytokinin treatment (Fig, 3C). There nuclear 
localization is likely independent of the phosphorylation state because 
ARR2(D80N>GFP was found in the nucleus. The ARR2 dominant negative 
5 mutant (AARR2) was also localized in the nucleus (Fig. 3C). Thus, the 

cytokinin-dependent phosphorelay does not play a role in the nuclear localization 
and DNA-binding of ARRs or their intrinsic transcription activation or repression 
activities. The results support the model that cytokinin-initiated phosphorelay 
plays a role in releasing the sequestered activation-type ARR transcription factors 

1 0 from the yet unknown repressors (Fig. 5). 

As depicted in Fig. 5, cytokinin signal is perceived internally or externally 
by multiple HKs at the plasma membrane (AHK2, AHK3, CKI1 , or CRE1). 
Upon perception of the cytokinin signal, HKs initiate a signalling cascade via the 
phosphorelay that in turn results in the nuclear translocation of AHPs from the 

15 cytosol. Activated AHPs interact with sequestered ARRs or ARR complex and 
release the activation type of ARRs from putative repressor in the nucleus. The 
de-repressed ARRs bind to multiple cis elements in the promoter of target genes. 
The transcription activation is essential for cell proliferation, shoot formation, and 
delayed senescence. The activation of the repressor-type of ARRs as early 

20 cytokinin response genes provides a negative feedback mechanism that allows 
plant cells for fine-tuning or resetting the physiological state in diverse 
differentiation processes during plant growth and development (RD, response 
domain; BD, DNA binding domain; AD, transcription activation domain; PM, 
plasma membrane; N, nucleus; R, repressor). 

25 This model is consistent with the findings that the N-tenninus of ARR1 or 

ARR2 inhibits transcription based on a synthetic promoter (/<£.)> the addition 
of cytokinin further enhances the effects of ARR1, ARR2 and ARR10 over- 
expression on the ARR6-LUC activity (Fig. 3). The activation of the repressor- 
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type of ARRs is thought to provide a negative feedback loop in controlling the 
transient induction of cytokinin early response genes and allows resetting and/or 
fine-tuning of the physiological state of the cells. 

5 Ectopic expression of the master regulator ARR2 mimics cytokinin responses 
In tissue culture, induction of cell proliferation and subsequent shoot 
formation require cytokinin. To determine whether the same cytokinin signalling 
pathway is responsible for transcription regulation, cell proliferation, shoot 
meristem initiation, and leaf formation, we developed a seedling cytokinin 

10 response assay. In Figs. 4A and 4B, Arabidopsis seedlings were transformed with 
Agrobacteria carrying GFP, CH1 $ CKI1(H405Q), ARR2, mdARR6 constructs in 
the mini-binary vector pCB302 (Xiang et al., Plant Mol Biol 40: 71 1-7, 1999). 
Seedlings transformed with the Agrobacteria carrying the binary vector pCB301 
without a Bar selection marker were used as a transformation control (vector). 

15 The transformed seedlings were selected with glufosinate ammonium (10 pg/ml) 
and maintained on medium with auxin (IAA) only (Fig. 4A, +IAA, -2EP) or with 
auxin and cytokinin (Fig. 4B, +IAA, +2IP) for 14 days. The transformed tissues 
were mostly derived from the shoot apical meristem. The GFP control showed 
green callus formation with exogenous IAA but promoted shoot formation with 

20 exogenous cytokinin. Both CKI1 and ARR2 promoted extensive cell 

proliferation and shoot formation even without exogenous cytokinin. The 
experiments were repeated three times with similar results. Compared with the 
GFP control, the CKI1(H405Q) mutant and ARR6 slightly inhibited cell 
proliferation on the same medium without or with exogenous cytokinin (Figs . 4A 

25 and4B). The results of this cytokinin seedling assay are consistent with those 
from protoplast transient expression analyses based on transcription. It is 
therefore clear that the HK activity of CKI1 is required to perceive and/or initiate 
cytokinin signalling. 

To observe the consequences of constitutive cytokinin signalling in planta, 

30 the binary vectors expressing CKI1, CKI1(H405Q), ARR2, and ARR6 were 
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introduced into Arabidopsis plants. Ectopic expression of ARR2 in transgenic 
Arabidopsis plants displayed a spectrum of cytoldnin-related phenotypes, 
including reduced apical dominance, increased leaf number and size, altered leaf 
shape and color, and delayed leaf senescence (Fig. 4C). Transgenic Arabidopsis 
5 plants carrying the CKI1 construct showed similar phenotypes, but not the 

CKI1(H405Q) and ARR6 transgenic plants serving as controls. Taken together, 
CKI1 and ARR2 are positive regulators in the cytokinin signal transduction 
pathway mediating transcription, cell proliferation, and shoot and leaf formation, 
as well as delaying leaf senescence. ARR2 could be one of the direct 
10 downstream targets of CKI1 and CRE1, and serve as a master regulator in diverse 
cytokinin responses. 

Materials and Methods 

The above-mentioned results were obtained using the following materials 
IS and methods. 



Plasmid Constructs 

The 2.4 kb Arabidopsis ARR6 promoter was fused to the firefly luciferase 
gene to create fhoARR6-LUC reporter construct The CKI1 andAHK2 genes 

20 were amplified from the Arabidopsis genomic DNA by polymerase chain reaction 
(PCR). The AHK3, CREl(CRElfWOL), AHP1, AHP2, AHP5 tmdARRlJRR 2, 
ARR4, ARR5, ARR6, ARR7, and ARR10 coding regions were obtained by PCR 
from an Arabidopsis cDNA library (Sheen, Science 274: 1900-2, 1996). All of 
the mutants were generated by QuickChange site-directed mutagenesis 

25 (Stratagene). The coding regions of all proteins were tagged with either two 
copies of the haemagglutinin epitope (DHA) or GFP and inserted into a plant 
expression vector containing the 35SC4PPDK promoter (Sheen, supra) and the 
nos terminator. All PCR products and the mutations were confirmed by DNA 
sequencing. 

30 
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Arabidopsis Protoplast Transient Expression Assay 

Arabidopsis Bensheim (BE) protoplasts were isolated and transfected as 
described with some modifications (Kovtun et al., Proc. Natl Acad. ScL U SA 97: 
2940-5 2000). Typically, 2 x 10 4 protoplasts were transfected with 10 \ig of 
5 plasmid carrying different combinations of a reporter, effectors, and an internal 
control. For instance, in the experiments shown in Fig. 1A, protoplasts (4 x 10 4 ) 
were transfected with 2 jig of UBQ10-GUS (internal control) and 20 pg of ARR6- 
LUC, GH3-LUC, or RD29ALUC plasmid DNA. Transfected protoplasts were 
incubated at 1 x 10 4 per ml with/without 1-100 nM of f-zeatin for 3-6 hours under 

10 the light at 23 °C. The UBQ10-GUS construct was used as an internal control to 
normalize the variations of each transfection in cell numbers, transformation 
efficiency and cell viability. The results are shown as the means of duplicate 
samples with the standard deviation. All transient experiments were repeated at 
least three times with similar results. GFP fluorescence was observed by either 

15 Nikon TE200 fluorescent microscopy or Leica TCSNT confocal microscopy. 

Pmtem TmiTi unoprecipitation 

Transfected protoplasts were incubated with [ S]-methione (200 n-Ci/ml) 
for 6 hours. The effector proteins were immunoprecipitated as described (Sheen, 
20 supra), analyzed by SDS/PAGE (10 or 12.5 %) and visualized by fluorography. 

Seedling Cvtolrinin Response Assay 

Four-day-old Arabidopsis BE seedlings were placed on the callus 
induction medium, containing 0*5 mg/L 2,4-D, 0.05 mg/L BAP, and 0.05 rng/L 

25 kinetin, for four days. The seedlings were co-cultivated and transformed with 
Agrobacterium tumefaciens GV3101carrying pCB302 with either CKI1, 
CKI1(H405Q), ARR2, ARR6, GFP under control of the 35SC4PPDK promoter, 
or the pCB301 binary vector (Xiang et al., Plant Mol Biol 40:71 1-7, 1999) alone 
for three days. Transformed seedlings were then selected on the glufosinate 

30 ammomum-containing medium (with either 0.15 mg/L IAA alone or with 0.15 
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mg/L IAA and 5 mg/L 2EP) and observed up to 4 weeks. The transformed 
proliferating tissues were mostly derived from the apical shoot meristem of the 
seedlings. 



5 Transgenic plant analysis 

The same constructs analyzed in the Arabidopsis protoplast transient 
expression and seedling assays,including CKI1, CKI1(H405Q), ARR2, andARR6, 
ware used to generate Arabidopsis transgenic plants using the floral dip method 
and Bar selection as described (Clough and Bent, Plant J. 16: 735-43, 1998). 

10 More than 200 transgenic plants were obtained with each construct The ARR2 
and CKI1 transgenic plants developed branches early, produced more leaves that 
are bigger and greener but flowered later than the control CKI1(H405Q) and 
ARR6 transgenic plants. For senescence assay, fully expanded fourth leaves from 
representative transgenic plants were detached and floated on distilled water in 

15 the dark for four days. 



Isolation of Sequences Encoding A-tvpe and B-type Response Regulators or 
Histidine Kinases 

The isolation of additional genes encoding A-type and B-type response 
20 regulators or histidine kinase genes is accomplished using standard strategies and 
techniques that are well known in the art 

In one particular example, the B-type response regulator sequence (for 
example, ARR1, ARR2, or ARR10 sequences), the A-type response regulator 
sequence, (for example, ARR4, ARR5, ARR6, or ARR7), or the histidine kinase 
25 (for example, CRE1 or CKI1), described herein may be used, together with 

conventional screening methods of nucleic acid hybridization screening, to isolate 
additional sequences encoding these regulators. Such hybridization techniques 
and screening procedures are well known to those skilled in the art and are 
described, for example, in Benton and Davis, Science 196: 180, 1977; Grunstein 
30 and Hogness, Proc. Natl. Acad. Set, USA 72: 3961, 1975; Ausubel et al. Current 
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Protocols in Molecular Biology 9 Wiley Interscience, New York; Berger and 
Kimmel, Guide to Molecular Cloning Techniques , 1987, Academic Press, New 
York.; and Sambrook et al., Molecular Cloning: A Laboratory Manual \ Cold 
Spring Harbor Laboratory Press, New York, In one particular example, all or part 
5 of the response regulator gene may be used as a probe, to screen a recombinant 
plant DNA library for genes having sequence identity or similarity to the response 
regulator gene. Hybridizing sequences are detected by plaque or colony 
hybridization according to the methods described below. 

Alternatively, using all or a portion of the amino acid sequence of a 

10 response regulator, one may readily design oligonucleotide probes, including 
degenerate oligonucleotide probes (i.e., a mixture of all possible coding 
sequences for a given amino acid sequence). These oligonucleotides may be 
based upon the sequence of either DNA strand and any appropriate portion of the 
response regulator sequence. General methods for designing and preparing such 

1 5 probes are provided, for example, in Ausubel et al., supra; and Berger and 
Kimmel, supra. These oligonucleotides are useful for response regulator or 
histidine kinase sequence isolation, either through their use as probes capable of 
hybridizing to response regulator complementary sequences or as primers for 
various amplification techniques, for example, polymerase chain reaction (PCR) 

20 cloning strategies. If desired, a ccxmbination of different oligonucleotide probes 
may be used for the screening of a recombinant DNA library. The 
oligonucleotides may be detectably-labeled using methods known in the art and 
used to probe filter replicas from a recombinant DNA library. Recombinant 
DNA libraries are prepared according to methods well known in the art, for 

25 example, as described in Ausubel et al. (supra), or they may be obtained from 
commercial sources. 

As discussed above, response regulator-specific oligonucleotides may also 
be used as primers in amplification cloning strategies, for example, using PCR. 
PCR methods are well known in the art and are described, for example, in PCR 

30 Technology, Erlich, ed, Stockton Press, London, 1989; PCR Protocols: A Guide 
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to Methods and Applications, Innis et al., eds., Academic Press, Inc., New York, 
1990; and Ausubel et al. (supra). Primers are optionally designed to allow 
cloning of the amplified product into a suitable vector, for example, by including 
appropriate restriction sites at the 5' and 3 f ends of the amplified fragment (as 
5 described herein) . If desired, response regulator sequences may be isolated using 
the PCR "RACE" technique, or Rapid Amplification of cDNA Ends (see, e.g., 
Innis et al. (supra)). By this method, oligonucleotide primers based on the 
response regulator sequence are oriented in the 3' and 5' directions and are used to 
generate overlapping PGR fragments. These overlapping 3 - and 5'-end RACE 
10 products are combined to produce an intact full-length cDNA. This method is 
described in Innis et al. (supra); and Frohman et al., Proc. Natl Acad. Scl USA 
85: 8998, 1988. 

Confirmation of a sequence's relatedness to the response regulators may be 
accomplished by a variety of conventional methods including, but not limited to, 
15 sequence comparison of the gene and its expressed product to known response 
regulators for example those disclosed herein. In addition, the activity of the 
gene product may be evaluated according to any of the techniques described 
herein. 

Once a response regulator gene is identified, it is cloned according to 
20 standard methods and used for the construction of plant expression vectors as 
described below. 



Expression Constructs 

Those skilled in the field of molecular biology will understand that any 

25 of a wide variety of expression systems may be used to express the response 

regulators disclosed herein. For example, an A-type or B-type response regulator 
may be expressed for the desired effect in any of a number of plant hosts 
including, without limitation, algae, tree species, ornamental species, temperate 
fruit species, tropical fruit species, vegetable species, legume species, crucifer 

30 species, monocots, dicots, or in any plant of commercial or agricultural 
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significance. Particular examples of suitable plant hosts include, but are not 
limited to, Conifers, Petunia, Tomato, Potato, Tobacco, Arabidopsis, Lettuce, 
Sunflower, Oilseed rape, Flax, Cotton, Sugarbeet, Celery, Soybean, Alfalfa, 
Medicago, Lotus, Vigna, Cucumber, Carrot, Eggplant, Cauliflower, Horseradish, 
5 Morning Glory, Poplar, Walnut, Apple, Grape, Asparagus, Rice, Maize, Millet, 
Onion, Barley, Orchard grass, Oat, Rye, and Wheat. In addition, as is discussed 
below, transgenic expression constructs may be expressed in a plant to increase 
plants yield, shoot formation, leaf growth, photosynthesis, or delay senescence. 

Materials for expressing these genes are available from a wide range of 

10 sources including the American Type Culture Collection (Rockland, MD); or 
from any of a number seed companies, for example, W. Atlee Burpee Seed Co. 
(Warminster, PA), Park Seed Co. (Greenwood, SC), Johnny Seed Co. (Albion, 
ME), or Northrup King Seeds (Harstville, SC). Descriptions and sources of 
useful host cells are also found in Vasil, Cell Culture and Somatic Cell Genetics 

15 of Plants, Vol I, n, III Laboratory Procedures and Their Applications Academic 
Press, New York, 1984; Dixon, Plant Cell Culture-A Practical Approach, IRL 
Press, Oxford University, 1985; Green et al., Plant Tissue and Cell Culture, 
Academic Press, New York, 1987; and Gasser and Fraley, Science 244: 1293, 
1989. 

20 The method of transformation or transfection and the choice of vehicle 

for expression of the A-type or B-type response regulators, or a histidine kinase 
will depend on the host system selected Transformation and transfection 
methods are described, e.g., in Ausubel et al. (supra); Weissbach and Weissbach, 
Methods for Plant Molecular Biology, Academic Press, 1989; Gelvin et al., Plant 

25 Molecular Biology Manual, Kluwer Academic Publishers, 1990; Kindle, Proa 
Natl Acad. Set, USA 87: 1228, 1990; Potrykus, Annu. Rev. Plant Physiol Plant 
Mol Biology 42: 205, 1991; and BioRad (Hercules, CA) Technical Bulletin 
#1687 (Biolistic Particle Delivery Systems). Expression vehicles may be chosen 
from those provided, e.g., in Cloning Vectors: A Laboratory Manual (Pouwels et 

30 al., 1985, Supp. 1987); Gasser and Fraley (supra); Clontech Molecular Biology 
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Catalog (Catalog 1992/93 Tools for the Molecular Biologist, Palo Alto, CA); and 
the references cited above. Other expression constructs are described by Fraley et 
al. (U.S. Pat. No. 5,352,605). 

. Most preferably, an A-type or B-type response regulator or a histidine 
5 kinase is produced by a stably-transfected plant cell line, a transientiy-transfected 
plant cell line, or by a transgenic plant. A number of vectors suitable for stable 
transfection of plant cells or for the establishment of transgenic plants are 
available to the public; such vectors are described in Pouwels et al. (supra), 
Weissbach and Weissbach (supra), and Gelvin et al. (supra). Methods for 

10 constructing such cell lines are described in, e.g., Weissbach and Weissbach 

(supra), and Gelvin et al. (supra). Typically, plant expression vectors include (1) 
a cloned plant gene under the transcriptional control of 5' and 3 f regulatory 
sequences and (2) a dominant selectable marker. Such plant expression vectors 
may also contain, if desired, a promoter regulatory region (for example, one 

15 conferring inducible or constitutive, pathogen- or wound-induced, 

environmentally- or developmentally-regulated, or cell- or tissue-specific 
expression), a transcription initiation start site, a ribosome binding site, an RNA 
processing signal, a transcription termination site, and/or a polyadenylation 
signal. 

20 Once the desired nucleic acid sequence encoding an A-type or B-type 

response regulators or a histidine kinase is obtained as described above, it may be 
manipulated in a variety of ways known in the art For example, where the 
sequence involves non-coding flanking regions, the flanking regions may be 
subjected to mutagenesis. 

25 In general, the constructs will involve regulatory regions functional in 

plants which provide for modified production of the regulator protein or regulator 
transcript (such as an antisense transcript) as discussed herein. The open reading 
frame coding for the regulator protein or functional fragment thereof will be 
joined at its 5' end to a transcription initiation regulatory region such as the 

30 
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sequence naturally found in the 5' upstream region of the A-type or B-type 
response regulator, or a histidine kinase. Numerous other transcription initiation 
regions are available which provide for constitutive or inducible regulation. 
For applications where developmental, cell, tissue, hormonal, or 
5 environmental expression is desired, appropriate 5 1 upstream non-coding regions 
are obtained from other genes, for example, from genes regulated during 
meristem development, seed development, embryo development, or leaf 
development 

Regulatory transcript termination regions may also be provided in 
10 DNA constructs of this invention as well. Transcript tennination regions may be 
provided by the DNA sequence encoding the A-type or B-type response regulator 
or histidine kinase, or any convenient transcription termination region derived 
from a different gene source. The transcript termination region will contain 
preferably at least 1-3 kb of sequence 3 1 to the structural gene from which the 
IS termination region is derived Plant expression constructs having, for example, 
A-type or B-type response regulator as the DNA sequence of interest for 

* 

expression may be employed with a wide variety of plant life. Such genetically- 
engineered plants are useful for a variety of industrial and agricultural 
applications as discussed herein. Importantly, this invention is applicable to 

20 dicotyledons and monocotyledons, and will be readily applicable to any new or 
improved transformation or regeneration method 

An example of a useful plant promoter according to the invention is a 
caulimovirus promoter, for example, a cauliflower mosaic virus (CaMV) 
promoter. These promoters confer high levels of expression in most plant tissues, 

25 and the activity of these promoters is not dependent on virally encoded proteins. 
CaMV is a source for both the 35S and 19S promoters. In most tissues of 
transgenic plants, the CaMV 35S promoter is a strong promoter (see, e.g., Odell 
et al., Nature 313: 810, 1985). The CaMV promoter is also highly active in 
monocots (see, e.g., Dekeyser et al., Plant Cell 2: 591, 1990; Terada and 

30 Shimamoto, MoL Gen. Genet 220: 389, 1990). Moreover, activity of this 
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promoter can be further increased (i.e., between 2-10 fold) by duplication of the 
CaMV 35S promoter (see .g., Kay et al., Science 236: 1299, 1987; Ow et al., 
Proc. Natl Acad. Sci., USA. 84: 4870, 1987; and Fang et al., Plant Cell 1: 141, 
1989). In addition, the a minimal 35S promoter may also be used as is described 
herein. 

Other useful plant promoters include, without limitation, the nopaline 
synthase promoter (An et al., Plant Physiol 88: 547, 1988) and the octopine 
synthase promoter (Fromm et al., Plant Cell 1 : 977, 1989). 

For certain applications, it may be desirable to produce the regulator in 
an appropriate tissue, at an appropriate level, or at an appropriate developmental 
time. For this purpose, there are an assortment of gene promoters, each with its 
own distinct characteristics embodied in its regulatory sequences, shown to be 
regulated in response to the environment, hormones, and/or developmental cues. 
These include gene promoters that are responsible for heat-regulated gene 
expression (see, e.g., Callis et al., Plant Physiol 88: 965, 1988; Takahashi and 
Komeda,M?/. Gen. Genet. 219: 365, 1989; and Takahashi et al., Plant J. 2: 751, 
1992), light-regulated gene expression (e.g., the Arabidopisis Cab2 
photosynthetic, leaf specific promoter described by Mitra et al., Plant Mol Biol 
12: 169-179, 1989; the pea rbcS-3A described by Kuhlemeier et al., Plant Cell 1: 
471, 1989; the maize rbcS promoter described by Schaffher and Sheen, Plant Cell 
3: 997, 1991; or the cholorphyll a/b-binding protein gene found in pea described 
by Simpson et al., EMBO J. 4: 2723, 1985), hormone-regulated gene expression 
(for example, the abscisic acid (ABA) responsive sequences from the Em gene of 
wheat described by Marcotte et aL, Plant Cell 1: 969, 1989; the ABA-inducible 
HVA1 and HVA22, and rd29A promoters described for barley and Arabidopsis 
by Straub et al., Plant Cell 6: 617, 1994, Shen et al., Plant Cell 7: 295, 1995), 
wound-induced gene expression (for example, of wunl described by Siebertz et 
al., Plant Cell 1: 961, 1989), and organ-specific gene expression (for example, of 
the tuber-specific storage protein gene described by Roshal et al., EMBO J. 6: 
1 155, 1987; the 23-fcDa zein gene from maize described by Schernthaner et al., 



30 



WO 02/099079 



PCT7US02/18066 



EMBO J. 7: 1249, 1988; or the French bean B-phaseolin gene described by Bustos 
et al., Plant Cell 1 : 839, 1989; the vegetative storage protein promoter (soybean 
vspB) described by Sadka et al. {Plant Cell 6: 737-749, 1994)), cycling promoters 
(e.g., the Arabidopsis cdc2a promoter described by Hemerly et al., Proc. Natl 
5 Acad. Sci. USA 89: 3295-3299, 1992), senescence-specific promoters (e.g., the 
Arabidopsis SAG12 promoter described by Gan et al, Science: 270, 1986-1988, 
1995), seed-specific promoters (for example, endosperm-specific or embryo- 
specific promoters), or pathogen-inducible promoters (for example, PR-1 or P-1,3 
glucanase promoters). 

10 Plant expression vectors may also optionally include RNA processing 

signals, e.g, introns, which have been shown to be important for efficient RNA 
synthesis and accumulation (Callis et al., Genes and Dev. 1: 1183, 1987). The 
location of the RNA splice sequences can dramatically influence the level of 
transgene egression in plants. In view of this fact, an intron may be positioned 

IS upstream or downstream of the regulator encoding sequence in the transgene to 
modulate levels of gene expression. 

In addition to the aforementioned 5* regulatory control sequences, the 
expression vectors may also include regulatory control regions which are 
generally present in the 3' regions of plant genes (Thornburg et al., Proc. Natl 

20 Acad Sci. U.SA. 84: 744, 1987; An et al., Plant Cell 1: 115, 1989). For 

example, the 3' terminator region may be included in the expression vector to 
increase stability of the mRNA. One such terminator region may be derived from 
the PI-II terminator region of potato. In addition, other commonly used 
terminators are derived from the octopine or nopaline synthase signals. 

25 The plant expression vector also typically contains a dominant 

selectable marker gene used to identify those cells that have become transformed. 
Useful selectable genes for plant systems include genes encoding antibiotic 
resistance, for example, those encoding resistance to hygromycin, kanamycin, 
bleomycin, G418, streptomycin, or spectinomycin. Genes required for 

30 photosynthesis may also be used as selectable markers in photosynthetic-deficient 
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strains. Finally, genes encoding herbicide resistance may be used as selectable 
markers; useful herbicide resistance genes include the bar gene encoding the 
enzyme phosphinothricin acetyltransferase and conferring resistance to the broad 
spectrum herbicide Basta® (Hoechst AG, Frankfort, Germany). 
5 Efficient use of selectable markers is facilitated by a determination of 

the susceptibility of a plant cell to a particular selectable agent and a 
determination of the concentration of this agent which effectively kills most, if 
not all, of the untransformed cells. Some useful concentrations of antibiotics for 
tobacco transformation include, e.g., 75-100 jig/mL (kanamycin), 20-50 jxg/mL 

10 (hygromycin), or 5-10 ng/mL (bleomycin). A useful strategy for selection of 
transfonnants for herbicide resistance is described, e.g., by Vasil et al., supra. 

It should be readily apparent to one skilled in the art of molecular 
biology, especially in the field of plant molecular biology, that the level of gene 
expression is dependent, not only on the combination of promoters, RNA 

15 processing signals, and terminator elements, but also on how these elements are 
used to increase the levels of selectable marker gene expression. 

Plant Transformation 

Upon construction of the plant expression vector, several standard 

20 methods are available for introduction of the vector into a plant host, thereby 
generating a transgenic plant These methods include (1) Agrobacterium- 
mediated transformation (A. tumefaciens or A. rhizogenes) (see, e.g., Lichtenstein 
and Fuller, In: Genetic Engineering, Vol 6, Rigby, ecL, London, Academic Press, 
1987; and Lichtenstein and Draper, In: DNA Cloning, Vol II, Glover, ed., Oxford, 

25 IRI Press, 1985), (2) the particle delivery system (see, e.g., Gordon-Kamm et al., 
Plant Cell 2: 603,1990); or BioRad Technical Bulletin #1687, supra), (3) 
microinjection protocols (see, e.g., Green et al., supra), (4) polyethylene glycol 
(PEG) procedures (see, e.g., Draper et al., Plant Cell Physiol 23: 451, 1982; or 
e.g., Zhang and Wu, Theor. Appl Genet. 76: 835, 1988), (5) liposome-mediated 

30 DNA uptake (see, .g., Freeman et al., Plant Cell Physiol 25 : 1 353, 1 984), (6) 
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electroporation protocols (see, e.g., Gelvin et al., supra; Dekeyser et al., supra; 
Fromm et al., Nature 319: 791, 1986; Sheen, Plant Cell 2: 1027, 1990; or Jang 
and Sheen, Plant Cell 6: 1665, 1994), (7) the vortexing method (see, e.g., Kindle, 
supra), and floral dip method (see, e.g., Clough and Bent, Plant J. 16, 735-43. 
5 (1998)). The method of transformation is not critical to the invention. Any 
method which provides for efficient transformation may he employed. As newer 
methods are available to transform crops or other host cells, they may be directly 
applied. 

The following is an example outlining one particular technique, an 

10 Agrobacterium-medizted plant transformation. By this technique, the general 
process for manipulating genes to be transferred into the genome of plant cells is 
carried out in two phases. First, cloning and DNA modification steps are carried 
out in E. coli, and the plasmid containing the gene construct of interest is 
transferred by conjugation or electroporation into Agrobacterium. Second, the 

IS resulting Agrobacterium strain is used to transform plant cells. Thus, for the 
generalized plant expression vector, the plasmid contains an origin of replication 
that allows it to replicate in Agrobacterium and a high copy number origin of 
replication functional in E. colu This permits facile production and testing of 
transgenes in E. coli prior to transfer to Agrobacterium for subsequent 

20 introduction into plants. Resistance genes can be carried on the vector, one for 
selection in bacteria, for example, streptomycin, and another that will function in 
plants, for example, a gene encoding kanamycin resistance or herbicide 
resistance. Also present on fee vector are restriction endonuclease sites for the 
addition of one or more transgenes and directional T-DNA border sequences 

25 which, when recognized by fee transfer functions of Agrobacterium, delimit the 
DNA region that will be transferred to the plant 

In another example, plant cells may be transformed by shooting into 
the cell tungsten microprojectiles on which cloned DNA is precipitated. In the 
Biolistic Apparatus (Bio-Rad) used for fee shooting, a gunpowder charge (22 

30 caliber Power Piston Tool Charge) or an air-driven blast drives a plastic 

33 



WO 02/099079 



PCT/US02/18066 



macroprojectile through a gun barrel. An aliquot of a suspension of tungsten 
particles on which DNA has been precipitated is placed on the front of the plastic 
macroprojectile. The latter is fired at an acrylic stopping plate that has a hole 
through it that is too small for the macroprojectile to pass through. As a result, 
5 the plastic macroprojectile smashes against the stopping plate, and the tungsten 
microprojectiles continue toward their target through the hole in the plate. For 
the instant invention the target can be any plant cell, tissue, seed, or embryo. The 
DNA introduced into the cell on the microprojectiles becomes integrated into 
either the nucleus or the chloroplast 
10 In general, transfer and expression of transgenes in plant cells are now 

routine practices to those skilled in the art, and have become major tools to carry 
out gene expression studies in plants and to produce improved plant varieties of 
agricultural or commercial interest. 

15 Transgenic Plant Regeneration 

Whole plants can be regenerated, for example, from single cells, callus 
tissue, or leaf discs transformed with a plant expression vector according to 
standard plant tissue culture techniques. It is well known in the art that various 
cells, tissues, and organs from almost any plant can be successfully cultured to 

20 regenerate an entire plant; such techniques are described, e.g., in Vasil, supra; 
Green et al., supra; Weissbach and Weissbach, supra; and Gelvin et al., supra. 

In one particular example, a cloned B-type response regulator or 
histidine kinase construct under the control of the nos promoter and the nopaline 
synthase tenmnator and carrying a selectable marker (for example, kanamycin 

25 resistance) is transformed into Agrobacterium. Transformation of leaf discs (for 

m 

example, of tobacco or potato leaf discs), with vector-containing Agrobacterium 
is carried out as described by Horsch et al. (Science 227: 1229, 1985). Putative 
transformants are selected after a few weeks (for example, 3 to 5 weeks) on plant 
tissue culture media containing kanamycin (e.g. 100 ng/mL). Kanamycin- 
30 resistant shoots are then placed on plant tissue culture media without hormones 
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for ioot initiation. Kanamycin-resistant plants are then selected for greenhouse 
growth. If desired, seeds from self-fertilized transgenic plants can then be sowed 
in a soil-less medium and grown in a greenhouse. Kanamycin-resistant progeny 
are selected by sowing surfaced sterilized seeds on hormone-free kanamycin- 
5 containing media. Analysis for the integration of the transgene is accomplished 
by standard techniques (see, for example, Ausubel et al., supra; Gelvin et al., 
supra). 

Transgenic plants expressing the selectable marker are then screened 
for transmission of the transgene DNA by standard immunoblot and DNA 

10 detection techniques. Each positive transgenic plant and its transgenic progeny 
are unique in comparison to other transgenic plants established with the same 
transgene. Integration of the transgene DNA into the plant genomic DNA is in 
most cases random, and the site of integration can profoundly affect the levels 
and the tissue and developmental patterns of transgene expression. Consequently, 

IS a number of transgenic lines are usually screened for each transgene to identify 
and select plants with the most appropriate expression profiles. 

Transgenic lines are evaluated for levels of transgene expression. 
Expression at the RNA level is determined initially to identify and quantitate 
expression-positive plants. Standard techniques for RNA analysis are employed 

20 and include PGR amplification assays using oligonucleotide primers designed to 
amplify only transgene RNA templates and solution hybridization assays using 
transgene-specific probes (see, e.g., Ausubel et al., supra). The RNA-positive 
plants are then analyzed for protein expression by Western immunoblot analysis 
using specific antibodies (see, e.g^ Ausubel et al., supra). In addition, in situ 

25 hybridization and immunocytochemistry according to standard protocols can be 
done using transgene-specific nucleotide probes and antibodies, respectively, to 
localize sites of expression within transgenic tissue. 
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Increasing Plant Yield 

To test the ability of the genes described herein to improve crop yield 
or productivity, seeds of transgenic plants expressing a B-type response regulator 
or histidine kinase are planted in test plots, and their agronomic performance is 
5 compared to standard plants using techniques familiar to those of skill in the art. 
Optionally included in this comparison are plants of similar genetic background 
without the transgene. A yield benefit is observed and plants exhibiting the 
increased yield are advanced for commercialization. 

In addition, transgenic plants expressing a B-type response regulator or 
10 histidine kinase are field tested for agronomic performance under conditions, 
including, but not limited to, increased leaf production. When compared to 
nontransgenic plants, transgenic plants expressing the B-type response regulator 
exhibit higher yield than their non-transgenic counterparts. 



15 Increasing Plant Shoot Formation 

To test the ability of the genes described herein to increase shoot 
formation, seedlings are transformed with a transgene expressing a B-type 
response regulator or histidine kinase and shoot formation is measured, for 
example, by evaluating the development of green callus formation, using 

20 techniques familiar to those of skill in the art Optionally included in this 
comparison are plants of similar genetic background without the transgene. 
Plants exhibiting increased shoot formation relative to control plants are useful in 
Hie invention. 

25 Delaying Plant Senescence 

To test the ability of the genes described herein to delay senescence, 
fully expanded fourth leaves of plants expressing a recombinant B-type response 
regulator or histidine kinase are detached and floated on distilled water in the 
dark for four days, and their leaf size and quality of green color axe compared 
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using techniques familiar to those of skill in the art. Optionally included in this 
comparison are plants of similar genetic background without the transgene. 

Enhancing Plant Photosynthesis 
5 To test the ability of the genes and domains described herein to 

enhance photosynthesis, seedlings are transformed with a transgene expressing a 
recombinant B-type response regulator or histidine kinase and photosynthesis 
measured using techniques familiar to those of skill in the art. Optionally 
included in this comparison are plants of similar genetic background without the 
10 transgene. 

Increasing Plant Leaf Growth 

To test the ability of the genes described herein to increase leaf growth, 
seedlings are transformed with a transgene expressing a recombinant B-type 
1 5 response regulator and leaf growth measured, for example, by measuring leaf 
number and leaf area using techniques familiar to those of skill in the art* 
Optionally included in this comparison are plants of similar genetic background 
without the transgene. 

20 Silencing A-type Response Regulator Gene Expression 

Plants having decreased expression of an A-type response regulator arp 
useful, for example, for increasing plant productivity, delaying senescence, 
increasing photosynthesis, increased leaf growth, and increased productivity. 
Plants having decreased expression of such A-type response regulators are 

25 generated according to standard gene silencing methods including, without 

limitation, co-suppression and antisense methodologies, expression of dominant 
negative gene products, and creation of plants having mutated genes encoding 
such regulators. 



37 



WO 02/099079 



PCMJS02/18066 



Co-Suppression 

One preferred method of silencing gene expression is co-suppression (also 
referred to as sense suppression). This technique, which involves introduction of 
a nucleic acid configured in the sense orientation, has been shown to effectively 
5 block the transcription of target genes (see for example, Napoli et al., Plant Cell, 
2:279-289, 1990 and Jorgensen et al., U.S. Patent No. 5,034,323). 

Generally, sense suppression involves transcription of the introduced 
sequence such as a gene encoding an A-type response regulator. However, co- 
suppression may also occur where the introduced sequence contains no coding 

1 0 sequence per se, but only intron or untranslated sequences homologous to 
sequences present in the primary transcript of the endogenous gene to be 
repressed. The introduced sequence generally will be substantially identical to 
the endogenous gene targeted for repression. Such identity is typically greater 
than about 50%, but higher identities (for example, 80% or even 95%) are 

15 preferred because they result in more effective repression. The effect of co- 
suppression may also be applied to other proteins within a similar family of genes 
exhibiting homology or substantial homology. Segments from a gene from one 
plant can be used directly, for example, to inhibit expression of homologous 
genes in different plant species. 

20 In sense suppression, the introduced sequence, requiring less than absolute 

identity, need not be full length, relative to either the primary transcription 
product or to fuUy processed mRNA. A higher identity in a shorter than full 
length sequence compensates for a longer sequence with less identity. 
Furthermore, the introduced sequence need not have the same intron or exon 

25 pattern, and identity of non-coding segments may be equally effective. Squences 
of at least 50 base pairs are preferred, with introduced sequences of greater length 
being more preferred (see, for example, those methods described by Jorgensen et 
al., supra). 
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Antisense Suppression 

In antisense technology, a nucleic acid segment from the desired plant 
gene is cloned and operably linked to an expression control region such that the 
antisense strand of RNA is synthesized. The construct is then transformed into 
5 plants and the antisense strand of RNA is produced In plant cells, it has been 
shown that antisense RNA inhibits gene expression. 

The nucleic acid segment to be introduced in antisense suppression is 
generally substantially identical to at least a portion of the endogenous gene or 
genes to be repressed, but need not be identical. The vectors of the present 

10 invention therefore can be designed such that the inhibitory effect applies to other 
proteins within a family of genes exhibiting homology or substantial homology to 
the target gene. Segments from a gene from one plant can be used, for example, 
directly to inhibit expression of homologous genes in different plant species. 

The introduced sequence also need not be full length relative to either the 

15 primary transcription product or to fully processed mRNA. Generally, higher 
homology can be used to compensate for the use of a shorter sequence. 
Moreover, the introduced sequence need not have the same intron or exon pattern, 
and homology of non-coding segments will be equally effective. In general, such 
an antisense sequence will usually be at least IS base pairs, preferably about 15- 

20 200 base pairs, and more preferably 200-2,000 base pairs in length or greater. 
The antisense sequence may be complementary to all or a portion of the gene to 
be suppressed and as appreciated by those skilled in the art, the particular site or 
sites to which the antisense sequence binds as well as the length of the antisense 
sequence will vary, depending upon the degree of inhibition desired and the 

25 uniqueness of the antisense sequence. A transcriptional construct expressing a 
plant A-type response regulator (e.g., those described herein) antisense nucleotide 
sequence includes, in the direction of transcription, a promoter, the sequence 
coding for the antisense RNA on the sense strand, and a transcriptional 
termination region. Antisense sequences may be constructed and expressed as 

30 described, for example, in van der Krol et al. (Gene 72: 45-50, 1988); Rodermel 
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et al. {Cell 55: 673-681, 1988); Mol et al. {FEBSLett. 268: 427-430, 1990); 
Weigel andNilsson {Nature 317: 495-500, 1995); Cheung et al., {Cell 82: 383- 
393, 1995); and Shewmaker et al. (U.S. Patent No. 5,107,065). 

In one working example, antisense expression of the gene encoding A-type 
5 response regulators of Arabidopsis or an A-type response regulator homolog is 
used to increase plant yield. In one particular approach, a plant expression vector 
is constructed that contains the cDNA sequence of A-type response regulator 
homolog in antisense orientation that is constitutively expressed under the control 
of the rice actin promoter described by Wu et al. (WO 91/09948). This 
10 expression vector is then used to transform rice plants according to conventional 
methods, for example, using the methods described in Hiei et al. {Plant J. 6:271- 
282, 1994). 

Dominant Negatives 

Transgenic plants expressing a transgene encoding a dominant negative 
15 gene product of an A-type response regulator are assayed in artificial 

environments or in the field to demonstrate that the transgene increases yield, 
delays senescence, increases photosynthesis, or increases leaf formation on the 
plant expressing the gene. Dominant negative transgenes are constructed 
according to methods known in the art Typically, a dominant negative gene 
20 encodes a mutant A-type response regulator which, when overexpressed, disrupts 
the activity of the wild type polypeptide. 
Mutants 

Plants having decreased expression of an A-type response regulator are 
also generated using standard mutagenesis methodologies. Such mutagenesis 
25 methods include, without limitation, treatment of seeds with ethyl methylsulfate, 
ethylmethylsulfonate (EMS), or fast neutron irradiation, as well as T-DNA 
insertion methodologies. Expression of an A-type response regulator and 
increased yield phenotypes in mutated and non-mutated lines are evaluated 
according to standard procedures (fox example, those described herein). Mutated 
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plants having decreased expression of a gene encoding a A-type response 
regulator exhibit increased yield relative to their non-mutated counterparts. 

Use 

The invention described herein is useful for a variety of agricultural and 
commercial purposes including, but not limited to, improving and enhancing 
photosynthesis, promoting cell proliferation, shoot meristem formation, 
promoting leaf development, increasing crop yields, improving crop and 
ornamental quality, and reducing agricultural production costs. In particular, 
ectopic expression of a B-type response regulator (such as ARR2 or an ARR2 
homolog) in a plant cell provides a method for increasing plant productivity, 
photosynthesis, and delaying senescence. The invention is especially useful for 
crop plants such as tomato, potato, cotton, pepper, maize, wheat, rice, and 
legumes such as soybean. 

All publications and patent applications mentioned in this specification 
are herein incorporated by reference to the same extent as if each independent 
publication or patent application was specifically and individually indicated to be 
incorporated by reference. 

What is claimed is: 
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CLAIMS 

1 . A method for increasing yield in a plant, said method comprising the 
steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a B- 
5 type response regulator operably linked to a promoter functional in plant cells to 

yield transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein said B-type 
response regulator is expressed in the cells of said transgenic plant, thereby 
increasing yield in said plant 

0 

2. The method of claim 1, wherein said B-type response regulator is a 
crucifer B-type response regulator. 



3. The method of claim 2, wherein said crucifer B-type response regulator 
15 is selected from the group consisting of ARR1, ARR2, and ARR10. 



4. The method of claim 1, wherein said DNA encoding said B-type 
response regulator is constitutively expressed, inducibly expressed, expressed in a 
cell-specific, tissue-specific, or organ-specific manner, or expressed under 
20 cycling conditions. 



5. A method for increasing yield in a plant, said method comprising the 
steps of: 

(a) introducing into plant cells a transgene operably linked to a promoter 
25 functional in plant cells to yield transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein expression of 
said transgene reduces expression of an A-type response regulator in the cells of 
said plant, thereby increasing yield in said plant. 
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6. The method of claim 5, wherein said A-type response regulator is a 
crucifer A-type response regulator. 

7. The method of claim 6, wherein said crucifer A-type response 

5 regulator is selected from the group consisting of ARR4, ARR5, ARR6, and 
ARR7. 

8. The method of claim 5, wherein said transgene expresses antisense A- 
type response regulator RNA. 

10 

9. The method of claim 5, wherein said transgene expresses a dominant 
negative A-type response regulator. 

10. The method of claim 5, wherein said transgene co-suppresses 
1 5 expression of A-type response regulator. 

1 1 • The method of claim 5, wherein said DNA encoding said transgene is 
constitutively expressed, inducibly expressed, expressed in a cell-specific, tissue- 
specific, or organ-specific manner, or expressed under cycling conditions. 

20 

12. A method for increasing shoot formation in a plant, said method 
comprising the steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a B- 
type response regulator operably linked to a promoter functional in plant cells to 

25 yield transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein said B-type 
response regulator is expressed in the cells of said plant, thereby increasing shoot 
formation in said plant 
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1 3 . The method of claim 1 2, wherein said B-type response regulator is a 
crucifer B-type response regulator, 

14. The method of claim 1 3 , wherein said crucifer B-type response 
regulator is selected from the group consisting of ARR1, ARR2, and ARR10. 

15. The method of claim 12, wherein said DNA encoding said B-type 
response regulator is constitutively expressed, inducibly expressed, expressed in a 
cell-specific, tissue-specific, or organ-specific manner, or expressed under 
cycling conditions. 

16. A method for increasing shoot formation in a plant, said method 
comprising the steps of: 

(a) introducing into plant cells a transgene operably linked to a promoter 
functional in plant cells to yield transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein expression of 
said transgene reduces expression of an A-type response regulator in the cells of 
said plant, thereby increasing shoot formation in said plant. 

17. The method of claim 16, wherein said A-type response regulator is a 
crucifer A-type response regulator. 

1 8. The method of claim 17, wherein said crucifer A-type response 
regulator is selected from the group consisting of ARR4, ARR5, AKR6, and 
ARR7. 

19. The method of claim 16, wherein said transgene expresses antisense 
A-type response regulator RNA. 
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20. The method of claim 16, wherein said transgene expresses a dominant 
negative A-type response regulator. 

2 1 . The method of claim 1 6, wherein said transgene co-suppresses 
5 expression of A-type response regulator. 

22. The method of claim 16, wherein said transgene is constitutively 
expressed, inducibly expressed, expressed in a cell-specific, tissue-specific, or 
organ-specific manner, or expressed under cycling conditions. 

10 

23. A method for delaying senescence in a plant, said method comprising 
the steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a B- 
type response regulator operably linked to a promoter functional in plant cells to 

1 5 yield transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein said B-type 
response regulator is expressed in the cells of said plant, thereby delaying 
senesence in said plant 

20 24. The method of claim 23, wherein said B-type response regulator is a 

crucifer B-type response regulator. 

25. The method of claim 24, wherein said crucifer B-type response 
regulator is selected from the group consisting of ARR1, ARR2, and ARR10. 

25 

26. The method of claim 23, wherein said DNA encoding said B-type 
response regulator is constitutively expressed, inducibly expressed, expressed in a 
cell-specific, tissue-specific, or organ-specific manner, or expressed under 
cycling conditions. 

30 
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27. A method for delaying senescence in a plant, said method comprising 
the steps of: 

(a) introducing into plant cells a transgene operably linked to a promoter 
functional in plant cells to yield transformed plant cells; and 
5 (b) regenerating a plant from said transformed cells, wherein expression of 

said transgene reduces expression of an A-type response regulator in the cells of 
said plant, thereby delaying senescence in said plant 

28. The method of claim 27, wherein said A-type response regulator is a 
10 crucifer A-type response regulator. 

29. The method of claim 28, wherein said crucifer A-type response 
regulator is selected from the group consisting of ARR4, ARR5, ARR6, and 
ARR7. 

15 

30. The method of claim 27, wherein said transgene expresses antisense 
A-type response regulator RNA. 

3 1 . The method of claim 27, wherein said transgene expresses a dominant 
20 negative A-type response regulator. 

32. The method of claim 27, wherein said transgene co-suppresses 
expression of A-type response regulator. 

* 

25 33. The method of claim 27, wherein said transgene is constitutively 

expressed, inducibly expressed, expressed in a cell-specific, tissue-specific, or 
organ-specific manner, or expressed under cycling conditions. 
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34. A method for increasing yield in a plant, said method comprising the 
steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a 
histidine kinase operably linked to a promoter functional in plant cells to yield 

5 transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein histidine 
kinase is expressed in the cells of said plant, thereby increasing yield in said 
plant 

10 35. The method of claim 34, wherein said histidine kinase is a crucifer 

histidine kinase. 

36. The method of claim 35, wherein said crucifer histidine kinase is 
CKIlorCREl. 

15 

37. The method of claim 34, wherein said DNA encoding said histidine 
kinase is constitutively expressed, inducibly expressed, expressed in a cell- 
specific, tissue-specific, or organ-specific manner, or expressed under cycling 
conditions. 

20 

38. A method for increasing shoot formation in a plant, said method 
comprising the steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a 
histidine kinase operably linked to a promoter functional in plant cells to yield 

25 transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein histidine 
kinase is expressed in the cells of said plant, thereby increasing shoot formation 
in said plant. 



47 



WO 02/099079 



PCT/US02/18066 



39. The method of claim 38, wherein said histidine kinase is a crucifer 
histidine kinase. 

40. The method of claim 39, wherein said crucifer histidine kinase is 
5 CKIlorCREl. 

41 . The method of claim 38, wherein said DNA encoding said histidine 
kinase is constitutively expressed, inducibly expressed, expressed in a cell- 
specific, tissue-specific, or organ-specific manner, or expressed under cycling 

10 conditions. 

42. A method for delaying senescence in a plant, said method comprising 
the steps of: 

(a) introducing into plant cells a transgene comprising DNA encoding a 
1 S histidine kinase operably linked to a promoter functional in plant cells to yield 

transformed plant cells; and 

(b) regenerating a plant from said transformed cells, wherein histidine 
kinase is expressed in the cells of said plant, thereby delaying senescence in said 
plant 

20 

43. The method of claim 42, wherein said histidine kinase is a crucifer 
histidine kinase. 

44. The method of claim 43, wherein said crucifer histidine kinase is 
25 CKIlorCREl. 

45. The method of claim 42, wherein said DNA encoding said histidine 
kinase is constitutively expressed, inducibly expressed, expressed hi a cell- 
specific, tissue-specific, or organ-specific manner, or expressed under cycling 

30 conditions. 
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46. A plant or plant component comprising at least one transgene 
encoding (i) an A-type response regulator polypeptide, (ii) an antisense A-type 
response regulator RNA, (iii) a dominant negative A-type response regulator 
5 polypeptide, (iv) a B-type response regulator polypeptide, (v) an antisense B-type 
response regulator RNA, (vi) a dominant negative B-type response regulator, 
(vii) an antisense HK RNA, (viii) a dominant negative UK polypeptide, or any 
combination of (i) -{viii). 

10 47. The plant or plant component of claim 48, further comprising a 

transgene encoding a histidine kinase polypeptide. 

48. A plant or plant component comprising: 

(a) a first transgene encoding (i) an A-type response regulator polypeptide, 
15 (ii) an antisense A-type response regulator RNA, or (iii) a dominant negative A- 

type response regulator polypeptide or combination thereof; 

(b) a second transgene encoding (iv) a B-type response regulator 
polypeptide, (v) an antisense B-type response regulator RNA, (vi) a dominant 
negative B-type response regulator or combination thereof, and 

20 (c) a third transgene encoding (vii) a HK polypeptide; (viii) an antisense 

HK RNA, (ix) a dominant negative HK polypeptide or combination thereof. 

49. The plant or plant component of claims 46, 47, or 48, wherein said 
plant or plant component is selected from the group consisting of wheat, rice, 

25 maize, barley, potato, soybean, tomato, oats, cotton, and sunflower. 
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SEQUENCE LISTING 

<110> The General Hospital Corporation 

<120> Cytokinin Response Regulators and Uses 
Thereof 

<130> 00786/402WO2 

<150> US 60/296,554 
<151> 2001-06-06 

<160> 30 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 2401 
<212> DMA 

<213> Arabidopsis thai i ana 
<400> 1 

tagatcaagt tttacaactt tttttacgta cttaaaagat tgataaaatt gtacttgttg 60 
ttgttgacca ttgaaacatt tccctttatt cactaaaact agcttttgca acctttttat 120 
tcaactgtat tggtttgttg tatgttttta ttattcaact ctatttaatt attcatgtag 180 
cttaacatat caataataac taacatgcca taaattccga agaagaaaaa ttgttataaa 240 
agaactatat gcacctaaca aaaaaccaac aaaaccatag tattttcttt ttgggttaca 300 
taaaaatatc tttgtatgaa gaagaagaaa gaatcattac acagctttca ctcacaagat 360 
tacaagtttg caaattgcat ataaggaaac tcccaaaaaa tatcatcaaa gatcttttca 420 
gaacacaaaa aaaaaaaggt aaaagtatat ctcttttgcc atagttagac tcaaaaatac 480 
gacatcgttt acctcacacg tgcacactca ccgacttaca gaagaaccca cacgtacgtt 540 
gagggtactt tagtcattta gcatcgaacg aaattgtctg agcggagaag aggagtttcc 600 
gttatccctt tatatattat ctctctcacc tttcttctct ttttctttga tttttattaa 660 
atcaacaaaa atagaaaaaa aaacataaaa ataaaaataa aaaatcttca cgtttcttct 720 
ctctctctct ctctctctct cgagccacca aatctgaatt agggtttttg agaatattca 780 
tcttttgatt tcaaattctt cacccactgt gtaatttcac tcgtcaggat tcatctgcgg 840 
aatcatgatt acagattcga tcaccaacgc ttctgctact tcagctccga gagattccgg 900 
aaagaagaag agggtaacgt tatcctcttt gataaatctc attcctttct ctgaaattga 960 
ttcaaagttt tgatttttaa tggttttgtt attgcattac gttttgcaga acaataagtc 1020 
ggctaagatg aagcagaaca agcttggtct ccgtcgtgag caatggcttt ctcaaggtta 1080 
aaacttcatc tttctctcct ttaatgtttc aattctgcct gattcgtttg gttagatttg 1140 
gttgtctatg tattgatttt gggtttttga ttttgatatt agttgcggtg agcaataagg 1200 
aagttaaaga ggagaggagt gttaatcgta gtcaaaagcc tcatcatgag agttcagata 1260 
aggtgcgtag agaagaggat aacaatggtg ggaataatct tcttcatcat gagagtttta 1320 
tggagtcacc ttcaaatagc tctgttggtg gtacatattc gagcactaac ttcagtggga 1380 
gaagtagcag gagtagtagt agcagcagtg gcttttgctc tggtaatata acagaagagg 1440 
aaaatgtaga cgatgatgat gatgggtgtg tggatgattg ggaagctgtt gctgatgcgt 1500 
tagcggctga ggaagagatt gagaaaaaga gtcgtcctct tgagtctgtg aaagagcaag 1560 
tgagtgttgg acaatcagct tctaatgtgt gtgattcgtc gattagtgat gcatcagatg 1620 
ttgtgggtgt tgaagatcca aagcaggaat gcttgagagt gtcatcaagg aagcagacta 1680 
gtaatagagc ttggaggcta gatgatgacc ttcgcccaca ggggttacct aatttggcga 1740 
agcagcttag ttttccggag ttagacaagc gttttagctc tgtggcgatt ccgtcttcat 1800 
gtcccatatg ctacgaagac ttggacttga cggattcgaa tttcctcccc tgtccttgtg 1860 
gatttcggct ctgtctgttc tgccacaaga ccatttgcga tggagatggg cgttgtccag 1920 
gctgcaggaa accctatgaa cggaatatgg tcaaggctga gactagtatt caaggtggtg 1980 
gtctaacaat tcggttggct cgttcgtcta gcatgttttg caagttttaa aaggagaggt 2040 
gcggttttct caaccatgtt gtcttttgga actcgagaac ttaagctctg ttttctatgt 2100 
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catctatggt tctaagtctg aaacactgtg gtgatgatgt agaatgtgat gtgtgaatac 2160 
ataaaaggtg gtacagaaaa tgattcaaat acatttagat agtttcaata atgaatgcta 2220 
tgttctcttt tctaattcca tatgtttggt ctgcatttat tccttgtcaa acattattga 2280 
aggtttaaga gttattttgt tgctatggtg aatcctcttg acaagttact catgaaccaa 2340 
agcttgtttt ttagaatcac cattcaccacj agatcaactc tcattacttc aaattctttt 2400 

a 2401 



<210> 2 
<211> 1863 
<212> DNA 

<213> Arabidopsis thaliana 



<400> 2 

atggcattgt ctctgctccg gaagaacaaa 
catatgcctg acatggacgg tttcaagctt 
cctgttatca tgatgtctgc ggatgattca 
ggtgcggttg attaccttat caagcctgta 
catgtagtta ggaagaggag aagtgaatgg 
gagactggcg agagacagca gcagcaacat 
99t99 a gagg atgcggtgga tgataactca 
agcagttcac ggaagaggaa agacgaggaa 
gatgcgtcga atttgaagaa accgcgtgtc 
gttgcfcgctg ttaatcagct cggcgttgag 
atgaatgttc ctggtctaac ccgagaaaac 
tatctaagac ggcttggagg ggtatcgcag 
acgggtcagg atgcgagctt cggacctctt 
ctagccgtca caggtcagtt acctgcacag 
ggccggcctg cgatggtctc taagtcaggt 
agcatcttca gctttgacaa cacgaaaaca 
caacaacccc aacagcaacc acagatgaac 
cagcagcttc ctatgggtaa tcgaatgagt 
ggaaatagtg ttcaaaacaa cggaatgctg 
cggggaccac cgcctatgct aacctcttcg 
aaccgcattt ccgagagaag tggtttctct 
gtgttaccga caagttacac taatctcaca 
aacaacttcc aaccagaact tcccgtgaac 
tcagtaccgg ttcggaaagc cacttcttac 
ttcactacgc cgagctacga catgttcacc 
attggaatag cctttgactc acatcaggac 
gcctactctt cttcgtccat gtcaagacac 
cgaaaccacc agcagccacc atcgggaatg 
aacggtggtt cagtgagggt gaaatcagag 
tttcacgagc agtatagtaa tcaagaagat 
attgcaccgg ttgatggcga attcgacttt 
tga 

<210> 3 
<211> 1935 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 3 

atggtaaatc cgggtcacgg aagaggaccc 
tccgacccgt ttcctgcgaa tcttcgagtt 
atgatcttag agaggatgct tatgacttgt 
tgcttcggaa gaacaaagaa tggttttgat 
atggatggtt tcaagctcct tgaacacgtt 
ctgaatgttt tgaaaccttt ggttatagtg 



catggattcg atatagtaat cagtgatgtt 60 
cttgagcatg ttggtctaga gatggactta 120 
aagagtgtgg ttctaaaggg agtaacgcac 180 
cgtatggagg cacttaagaa catatggcag 240 
agtgtaccgg aacattctgg gagcattgag 300 
agaggaggtg gtggtggtgc agctgtttct 360 
tcctcggtta acgaaggtaa caattggagg 420 
ggagaagagc aaggagatga taaggacgaa 480 
gtctggtctg ttgaattgca tcagcagttt 540 
aaggcggttc ctaaaaagat cttagagctg 600 
gtagcaagtc acctccagaa ataccggata 660 
caccaaggca atcttaacaa ctcgtttatg 720 
tcgacattga atgggtttga tcttcaagca 780 
agtcttgcac agcttcaagc cgctggttta 840 
ttgccggttt cctccattgt ggatgagaga 900 
agatttggag aagggcttgg gcatcacggg 960 
ttacttcacg gtgtccccac gggtttacaa 1020 
attcaacaac agattgctgc tgttcgagct 1080 
atgcctctag cgggtcagca gtctttgcct 1140 
caatcatcca tcaggcagcc gatgttatca 1200 
ggaaggaaca atatccccga gagcagcaga 1260 
acacaacact catcaagctc gatgccttat 1320 
agtttcccgc tggcaagtgc accagggata 1380 
caggaagagg ttaacagctc cgaagcgggt- 1440 
accagacaga atgattggga tctgaggaat 1500 
tcagaatccg ctgcgttttc cgcttcagaa 1560 
aacacgacag ttgcagccac cgagcatggc 1620 
gtacagcacc atcaggttta tgcagacgga 1680 
agagtggcta cggatacagc aacaatggcg 1740 
cttatgagcg cacttcttaa gcaggaaggg 1800 
gacgcatact ccatcgataa cattccggtt 1860 

1863 



gattcgggta ctgctgctgg tgggtcaaac 60 
cttgtcgttg atgatgatcc aacttgtctc 120 
ctctacagag agcagagagc gcattgtctc 180 
attgtcatta gtgatgttca tatgcctgac 240 
ggtttagaga tggatttacc tgttatcaat 300 
atgtctgcgg atgattcgaa gagcgttgtg 360 
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ttgaaaggag tgactcacgg tgcagttgat tacctcatca aaccggtacg tattgaggct 420 
ttgaagaata tatggcaaca tgtggtgcgg aagaagcgta acgagtggaa tgtttctgaa 480 
cattctggag gaagtattga agatactggc ggtgacaggg acaggcagca gcagcatagg 540 
gaggatgctg ataacaactc gtcttcagtt aatgaaggga acgggaggag ctcgaggaag 600 
cggaaggaag aggaagtaga tgatcaaggg gatgataagg aagactcatc gagtttaaag 660 
aaaccacgcg tggtttggtc tgttgaattg catcagcagt ttgttgctgc tgtgaatcag 720 
cbaggcgttg acagtgagtt aaaaacttgc ttgcttatgc atttgtgtgt gtcgattggt 780 
aacattgtgg aattccagaa gtatcggata tatctgagac ggcttggagg agtatcgcaa 840 
caccaaggaa atatgaacca ttcgtttatg actggtcaag atcagagttt tggacctctt 900 
tcttcgttga atggatttga tcttcaatct ttagctgtta ctggtcagct ccctcctcag 960 
agccttgcac agcttcaagc agctggtctt ggccggccta cactcgctaa accagggatg 1020 
tcggtttctc cccttgtaga tcagagaagc atcttcaact ttgaaaaccc aaaaataaga 1080 
tttggagacg gacatggtca gacgatgaac aatggaaatt tgcttcatgg tgtcccaacg 1140 
ggtagtcaca tgcgtctgcg tcctggacag aatgttcaga gcagcggaat gatgttgcca 1200 
gtagcagacc agctacctcg aggaggacca tcgatgctac catccctcgg gcaacagccg 1260 
atattgtcaa gcagcgtttc aagaagaagc gatctcactg gtgcgctggc ggttagaaac 1320 
agtatccccg agaccaacag cagagtgtta ccaactactc actcggtctt caataacttc 1380 
cccgcggatc tacctcgcag cagcttcccg ttggcaagtg ccccagggat ttcagttcca 1440 
gtatcagttt cttaccaaga agaggtcaac agctcggatg caaaaggagg ttcatcagct 1500 
gctactgctg gatttggtaa cccaagctac gacatattta acgattttcc gcagcaccaa 1560 
cagcacaaca agaacatcag caataaacta aacgattggg atctgcggaa tatgggattg 1620 
gtcttcagtt ccaatcagga cgcagcaact gcaaccgcaa ccgcagcatt ttccacttcg 1680 
gaagcatact cttcgtcttc tacgcagaga aaaagacggg aaacggacgc aacagttgtg 1740 
ggtgagcatg ggcagaacct gcagtcaccg agccggaatc tgtatcatct gaaccacgtt 1800 
tttatggacg gtggttcagt cagagtgaag tcagaaagag tggcggagac agtgacttgt 1860 
cctccagcaa atacattgtt tcacgagcag tataatcaag aagatctgat gagcgcattt 1920 
ctcaaacagg tttga 1935 

<210> 4 
<211> 599 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 
<400> 4 

gctttgaaga atatatggca acatgtggtg cggaagaagc gtaacgagtg gaatgtttct 60 
gaacattctg gaggaagtat tgaagatact ggcggtgaca gggacaggca gcagcagcat 120 
agggaggatg ctgataacaa ctcgtcttca gttaatgaag ggaacgggag gagctcgagg 180 
aagcggaagg aagaggaagt agatgatcaa ggggatgata aggaagactc atcgagttta 240 
aagaaaccac gcgtggtttg gtctgttgaa ttgcatcagc agtttgttgc tgctgtgaat 300 
cagctaggcg ttgacagtga gttaaaaact tgcttgctta tgcatttgtg tgtgtcgatg 360 
tttgttttct tgtctaatct ttaccgtatt ggggcattca atgcagaagc tgttcctaag 420 
aagatcttag agatgatgaa tgtacccggg ctaacgcgag aaaacgtagc cagtcacctc 480 
caggtatata tgtgatcgaa tagtattaca ttttttcatt gttgatgtgt tctaacagtg 540 
gtaacattgt ggaattccag aagtatcgga tatatctgag acggcttgga ggagtatcg 599 

<210> 5 
<211> 780 
<212> DMA 

<213> Arabidopsis thaliana 
<400> 5 

atggccagag acggtggtgt ttcttgttta cgaaggtcgg agatgatgag cgtcggtggt 60 
atcggaggaa ttgaatctgc gccgttggat ttagatgaag ttcatgtctt agccgttgat 120 
gacagtctcg ttgatcgtat tgtcatcgag agattgcttc gtattacttc ctgcaaagtt 180 
acggcggtag atagtggatg gcgtgctctg gaatttctag ggttagataa tgagaaagct 240 
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tctgctgaat tcgatagatt gaaagttgat 
atgactggtt atgagcttct caagaagatt 
gttgtaatca tgtcgtcgga gaatgtattg 
gctcaagatt tcttattgaa accggtgaaa 
ttaactaaag acgttaaact ttccaacgga 
tccgttaact cttcgcttcc tccaccgtca 
ccgccgttga ctgtttcgac tgaatcgtcg 
atcttttcca cctcgccact ttcatctccg 
tcgtcgtcgg aggaatcgcc gattcgacgg 



ttgatcatca ctgattactg tatgcctgga 300 
aaggaatcgt ccaatttcag agaagttccg 360 
accagaatcg acagatgcct tgaggaaggt 420 
ctcgccgacg tgaaacgtct gagaagtcat 480 
aacaaacgga agcttccgga agattctagt 540 
cctccgttga ctatctcgcc tgaatcgtcg 600 
gattcgtctc cgccgttatc tccggtggag 660 
atagacgatg aagatgatga cgtgttgacg 720 
cagaagatga ggagtcccgg attagattag 780 



<210> 6 
<211> 891 
<212> DNA 

<213> Arabidopsis thai i ana 



<400> 6 

gttgattctc tctatctctc tcacgagtca 
tttgcgtccc gagatgttag atatctctaa 
tcttcatgtt cttgctgttg atgatagtat 
cagagtctca tcttgtaaag ttactgttgt 
tggattagat ggagagaata atagttcggt 
aatgacggat tactctatgc ctgggatgac 
atcatcagct ttcagagaaa taccagttgt 
tatcgataga tgtcttgaag aaggagctga 
tgatgtgaag agattaagag attctttaat 
tatgcacaag agagagcttg aagctaatga 
ctgagtttat cagattccac gtacgatatg 
gcatgtcctg attctttcgg cttacaattt 
aaccaagact gatcaagagt gacaaagatg 
gacttggatt cattagagag gagaagagat 
gtaaaatggt ggtgtgttat tttggaagtt 

<210> 7 
<211> 942 
<212> DNA 

<213> Arabidopsis tha liana 



cgatcctact cttcttgata tggctgaggt 60 
cgacacttct tcattagcat caccgaaact 120 
ggttgatcgg aagttcatcg agcggttact 180 
cgatagtgcg acaagagctt tacaatatct 240 
tggatttgag gatctgaaga ttaatttgat 300 
tggatatgaa ctactgaaga agatcaaaga 360 
gattatgtct tcagagaaca tcttgcctcg 420 
agatttctta ttgaagcctg tgaaattagc 480 
gaaagctgag gaaagagctt ttaaggatat 540 
tat c tact eg cagctaaaac gegcaaagat 600 
ttctttaaaa gctcaaagat tcacacacat 660 
ttgagacatt aeggcttett ttgetgatag 720 
ggtttttata agatagaaat gtaaattgta 780 
acattttttt tttctttaca tgagagatat 840 
aacatatgaa tttcttttgt t 891 



<400> 7 

atcctccaac attegttgat caatggctga 
caaccattct tcaaagtttg gatcacegga 
teaegttgat egtaaattea tcgagcgttt 
tgttgatagt gcaacaagag ctctccaata 
eggttttgag gatttgaagg ttaatttaat 
tggatatgaa ctcttgaaga agatcaaaga 
aattatgtcc tccgagaaca ttttgecteg 
agatttctta ctgaagcegg taaaactctc 
gaaggttgaa gatttgtctt tcacaaagag 
tgtctaccct gttcactcgc agctcaaacg 
ccgtgactgg atcttagaaa aagectttte 
ttgagctaca ctgatgattc tcgccagctt 
gecttttteg ctgattgaat tcagtgggtt 
gagatgagca aaagctatat tatatattat 
tacaagagat ttgtaagctg gcttaataga 
aaatgatttt gttagctaat cataaacaat 

<210> 8 
<211> 740 



agttatgcta ccgaggaaga tggagattct 60 
tcctcttcat gttcttgccg tcgacgacag 120 
gctcagagta tettcttgea aagttactgt 180 
ccttggtttg gatgttgagg aaaaatcagt 240 
tatgactgat tactcaatgc ceggtatgae 300 
atcctcagct tttagagaag taccggtggt 360 
tattgataga tgtcttgaag aaggggctga 420 
ggatgtaaaa agattaagag attctctaat 480 
tattcagaag agagagctag aaacagagaa 540 
egcaaagate tgagctctcc gatgeaaatt 600 
atatacagga agcttcaaga ctcaatgcac 660 
aatgacctat acaattttcc aacccctatg 720 
tattcatata gtagtaatgt aaatggtata 780 
attcattaga ggggtcatag cttttttcct 840 
agttgttaag aagcctcact ttatgtgaat 900 
cagaagtttc ct 942 
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<212> DMA 

<213> Arabidopsis thai i ana 



<400> 8 

caatctgctc tcttttttat tctgagtttg 
gagattcccg ccggtggaga tttgactgtt 
gatgatagta ttgtggatcg taaagtcatc 
gtgacgactg tagagagtgg aactagggct 
ggggcttcta atcttaagga tttgaaggtg 
ggactttcag gatatgatct cct taaaaag 
ccagtagtga ttatgtcatc tgagaacatc 
ggagcagagg aattcttgtt gaaaccggtg 
cttataatga ggaatgaagc tgaggaatgc 
cttcaagaag acagtgatac atcatcatca 
tcatgttcaa aacgaatgaa atcagaatct 
tgtatagagg ccaagacctt agcaaaacca 
tttgagagag tcatcacact 

<210> 9 
<211> 1659 
<212> DNA 

<213> Arabidopsis thai i ana 
<400> 9 

atgactatgg agcaagaaat tgaagtcttg 
gctgttgacg atgaccagac ttgtctccgt 
tatcacgtta caacaacgaa tcaggcacag 
aataagtttg atcttgttat tagcgatgtc 
cttgagcttg ttggtcttga aatggactta 
ccaaagtatg tgatgaaagg agtcaagcac 
cgaattgagg agcttaagaa catatggcaa 
aataagagca atgtgagtaa tggttcagga 
gaacagtatg aagaggagga agaggaagaa 
cagaagaagc ctcgtgttct ttggacgcat 
gat cat t tag gcgttgagag agctgttcca 
aaactcacta gagagaatgt tgcaagccac 
gtgtctgatg acgccattca acaagctaac 
atgaattctc agaaaggact tggtggcttc 
tccggtcagt tccatggtgg aaccacaatg 
ggtcgtctga attcccttgg agcaggaatg 
aaccataatg atggaggaaa catacttcag 
aacaacatca acagggcttt tccaagcttt 
cccagtaatc tgttacttct cgagggtaac 
ggtttttctc ctcatttcga gatcagcaag 
tcaaccaaca ttccacagag tgatgttcat 
ttctgcgact cagctagtcc gctagtaaac 
tgcagaaaca cgggttttgg atccacaaat 
cagatgaatc agcagcctgc aaacaactca 
agtagcaatc caaacgaagg tttactcatg 
gcttctgatg ctggttcctt agatgatata 
caatctgatt tctcggaagg tgattgg ga t 
tacgagaaac tccattttcc cttttctttg 



acaatggcgg ttggtgaggt catgaggatg 60 
actactccgg agttgcatgt tcttgccgtc 120 
gagaggttgc ttagaatctc ttcttgtaaa 180 
ttgcagtatc ttggcttaga tggaggcaaa 240 
aatttgatag tgacggatta ctcaatgcca 300 
attaaggaat cttcagcatt cagagaagta 360 
ttacctcgta tacaagaatg tctcaaagaa 420 
aagctagcag atgtaaagcg aatcaaacaa 480 
aaaatcttaa gccattctaa caagagaaag 540 
agtcatgatg atacttctat caaggactct 600 
gaaaaccttt tttctctact ttgaattata 660 
ttctgttaat attcctcaag aaagacaatg 720 

740 



gaccagtttc cggttgggat gagagttctt 60 
attctccaga ctttgcttca gcgctgccaa 120 
accgcattgg agttgttgag ggagaacaag 180 
gacatgccag acatggatgg tttcaagctg 240 
cctgtcataa tgttatctgc gcatagcgat 300 
ggtgcctgtg attatctgct taaaccggtt 360 
catgttgtga gaaagagcaa acttaagaag 420 
aactgtgata aagcaaacag aaaacgtaaa 480 
agagggaatg ataatgatga tccaacggcg 540 
gagctgcaca ataaattcct agcagctgtt 600 
aaaaagattc tagatctgat gaatgttgac 660 
cttcagaaat tccgcgttgc tctgaagaag 720 
agggcggcta ttgactcaca ttttatgcaa 780 
taccaccacc accgcggaat acctgttgga 840 
atgaggcatt actcttcaaa taggaatctt 900 
ttccaaccag tctcatcatc gtttcctcgt 960 
ggtttgccgc tagaagagct tcagatcaac 1020 
acttcacaac aaaactctcc aatggtagct 1080 
ccgcagtcat catctttacc ctcaaacccg 1140 
cgtctagaac attggtcaaa cgctgcattg 1200 
tcaaaacctg acaccttgga atggaatgcg 1260 
ccaaacctgg atacaaatcc ggcatctctc 1320 
gctgcacaaa cagacttctt ttatccatta 1380 
ggtccagtga cagaagctca actgtttaga 1440 
ggacaacaga agcttcagag tggtttgatg 1500 
gtcaattcct taatgacaca ggaacagagc 1560 
ttggatggtt tagctcactc ggaacatgca 1620 
t cage 1 1 ga 1659 



<210> 10 
<211> 1935 
<212> DNA 

<213> Arabidopsis t ha liana 
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<400> 10 

atggtaaatc cgggtcacgg aagaggaccc gattcgggta ctgctgctgg tgggtcaaac 60 
tccgacccgt ttcctgcgaa tcttcgagtt cttgtcgttg atgatgatcc aacttgtctc 120 
atgatcttag agaggatgct tatgacttgt ctctacagag agcagagagc gcattgtctc 180 
tgcttcggaa gaacaaagaa tggttttgat attgtcatta gtaatgttca tatgcctgac 240 
atggatggtt tcaagctcct tgaacacgtfc ggtttagaga tggatttacc tgttatcaat 300 
ctgaatgttt tgaaaccttt ggttatagtg atgtctgcgg atgattcgaa gagcgttgtg 360 
ttgaaaggag tgactcacgg tgcagttgat tacctcatca aaccggtacg tattgaggct 420 
ttgaagaata tatggcaaca tgtggtgcgg aagaagcgta acgagtggaa tgtttctgaa 480 
cattctggag gaagtattga agatactggc ggtgacaggg acaggcagca gcagcatagg 540 
gaggatgctg ataacaactc gtcttcagtt aatgaaggga acgggaggag ctcgaggaag 600 
cggaaggaag aggaagtaga tgatcaaggg gatgataagg aagactcatc gagtttaaag 660 
aaaccacgcg tggtttggtc tgttgaattg catcagcagt ttgttgctgc tgtgaatcag 720 
ctaggcgttg acagtgagtt aaaaacttgc ttgcttatgc atttgtgtgt gtcgattggt 780 
aacattgtgg aattccagaa gtatcggata tatctgagac ggcttggagg agtatcgcaa 840 
caccaaggaa atatgaacca ttcgtttatg actggtcaag atcagagttt tggacctctt 900 
tcttcgttga atggatttga tcttcaatct ttagctgtta ctggtcagct ccctcctcag 960 
agccttgcac agcttcaagc agctggtctt ggccggccta cactcgctaa accagggatg 1020 
tcggtttctc cccttgtaga tcagagaagc atcttcaact ttgaaaaccc aaaaataaga 1080 
tttggagacg gacatggtca gacgahgaac aatggaaatt tgcttcatgg tgtcccaacg 1140 
ggtagtcaca tgcgtctgcg tcctggacag aatgttcaga gcagcggaat gatgttgcca 1200 
gtagcagacc agctacctcg aggaggacca tcgatgctac catccctcgg gcaacagccg 1260 
atattgtcaa gcagcgtttc aagaagaagc gatctcactg gtgcgctggc ggttagaaac 1320 
agtatccccg agaccaacag cagagtgtta ccaactactc actcggtctt caataacttc 1380 
cccgcggatc tacctcgcag cagcttcccg ttggcaagtg ccccagggat ttcagttcca 1440 
gtatcagttt cttaccaaga agaggtcaac agctcggatg caaaaggagg ttcatcagct 1500 
gctactgctg gatttggtaa cccaagctac gacatattta acgattttcc gcagcaccaa 1560 
cagcacaaca agaacatcag caataaacta aacgattggg atctgcggaa tatgggattg 1620 
gtcttcagtt ccaatcagga cgcagcaact gcaaccgcaa ccgcagcatt ttccacttcg 1680 
gaagcatact cttcgtcttc tacgcagaga aaaagacggg aaacggacgc aacagttgtg 1740 
ggtgagcatg ggcagaacct gcagtcaccg agccggaatc tgtatcatct gaaccacgtt 1800 
tttatggacg gtggttcagt cagagtgaag tcagaaagag tggcggagac agtgacttgt 1860 
cctccagcaa atacattgtt tcacgagcag tataatcaag aagatctgat gagcgcattt 1920 
ctcaaacagg tttga 1935 

<210> 11 
<211> 780 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis th a liana 
<400> 11 

atggccagag acggtggtgt ttcttgttta cgaaggtcgg agatgatgag cgtcggtggt 60 
atcggaggaa ttgaatctgc gccgttggat ttagatgaag ttcatgtctt agccgttgat 120 
gacagtctcg ttgatcgtat tgtcatcgag agattgcttc gtattacttc ctgcaaagtt 180 
acggcggtag atagtggatg gcgtgctctg gaatttctag ggttagataa tgagaaagct 240 
tctgctgaat tcgatagatt gaaagttgat ttgatcatca ctaattactg tatgcctgga 300 
atgactggtt atgagcttct caagaagatt aaggaatcgt ccaatttcag agaagttccg 360 
gttgtaatca tgtcgtcg ga gaatgtattg accagaatcg acagatgcct tgaggaaggt 420 
gctcaagatt tcttattgaa accggtgaaa ctcgccgacg tgaaacgtct gagaagtcat 480 
ttaactaaag acgttaaact ttccaacgga aacaaacgga agcttccgga agattctagt 540 
tccgttaact cttcgcttcc tccaccgtca cctccgttga ctatctcgcc tgaatcgtcg 600 
ccgccgttga ctgtttcgac tgaatcgtcg gattcgtctc cgccgttatc tccggtggag 660 
atcttttcca cctcgccact ttcatctccg atagacgatg aagatgatga cgtgttgacg 720 
tcgtcgtcgg aggaatcgcc gattcgacgg cagaagatga ggagtcccgg attagattag 780 
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<210> 12 
<211> 942 
<212> DNA 

<213> Arabidopsis thai i ana 
<400> 12 

atcctccaac attcgttgat caatggctga 
caaccattct tcaaagtttg gatcaccgga 
tcacgttgat cgtaaattca tcgagcgttt 
tgttgatagt gcaacaagag ctctccaata 
cggttttgag gatttgaagg ttaatttaat 
tggatatgaa ctcttgaaga agatcaaaga 
aattatgtcc tccgagaaca ttttgcctcg 
agatttctta ctgaagccgg taaaactctc 
gaaggttgaa gatttgtctt tcacaaagag 
tgtctaccct gttcactcgc agctcaaacg 
ccgtgactgg atcttagaaa aagccttttc 
ttgagctaca ctgatgattc tcgccagctt 
gcctttttcg ctgattgaat tcagtgggtt 
gagatgagca aaagctatat tatatattat 
tacaagagat ttgtaagctg gcttaataga 
aaatgatttt gttagctaat cataaacaat 

<210> 13 
<211> 3677 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 13 

aattattcac tcaaattcac aaagggtttc 
aaagagcttt ttagggttta tcattctcct 
ccttggagga ctaatcaaga cagaaatctg 
actcaaatga tggtgaaagt tacaaagctt 
gtcctggcat tcctggtggt tgttttcgag 
acggagaacc tagtcaaaga ggtcgcttca 
tcggagattg aaaacatcgg aaaatttaca 
ttagcgagag ttatagattc ttatatcacc 
acacagatcg caeca ttgtt gtttgtagct 
tegtacatea gtagggaegg tctcatgttt 
gctgtttttg ccaattcctc gtcgaattca 
accgtggatc agttaactgg tegtcttaac 
gtaacccata cagattggtt ccaagcagca 
ggaacgagct tgggaggaga agataacgag 
agcaagaaag gtcttgtttc tttagggttt 
agtttgaatc tacaeggega agagctttac 
cgtgaaggtt cactgaatga ttctttcttc 
gaatcgaact ccctctggtc teaatgeate 
gtggagatca aaagattaag ataccaagct 
cctctgagat acacactcat gtttcccaac 
geggaaaagg caaaatatca acttattgtg 
gtatggtttg tgtggtttat gatgeaagea 
ctgataaacc aaatggaagc gacacaacaa 
geatttgeaa atgetageca cgatattaga 
gatatatgtc gtgatggagt taaacctggc 
aatgtttgcg ccaaggattt ggttgctctg 
gaaagcggga agatgeagtt agtggaagaa 
gtcatcgatt tttaccatcc cgttgcgatg 
cacgatggct cggttttcaa attctcgaat 



agttatgcta ccgaggaaga tggagattct 60 
tcctcttcat gttcttgccg tcgacgacag 120 
gctcagagta tettcthgea aagttactgt 180 
ccttggtttg gatgttgagg aaaaatcagt 240 
tatgactaat tactcaatgc ceggtatgae 300 
atcctcagct tttagagaag taccggtggt 360 
tattgataga tgtcttgaag aaggggctga 420 
ggatgtaaaa agattaagag attctctaat 480 
tattcagaag agagagctag aaacagagaa 540 
egcaaagate tgagctctcc gatgeaaatt 600 
atatacagga agcttcaaga ctcaatgcac 660 
aatgacctat acaattttcc aacccctatg 720 
tattcatata gtagtaatgt aaatggtata 780 
attcattaga ggggtcatag cttttttcct 840 
agttgttaag aagcctcact ttatgtgaat 900 
cagaagtttc ct 942 



gaetttgetc cgaggaagaa gataatatga 60 
tgactttgea aaacgtgaaa taagcttctt 120 
ttcctctaaa aacgatcgcc gttctagttc 180 
gtggcttcac gtccaattgt ggtcttttgc 240 
tgcatttgga tctcaaattg gcgaacaaca 300 
tttaccgaag atctccggac aagtctagtt 360 
tatgetaaga caaacttatc tacgateggt 420 
aacaacgaca ctggttttac agagattcaa 480 
tattcaacga tccttcaagt ctcacaagtt 540 
tcttacattg cagaatcaaa cacaagtgtc 600 
agtcgtggag actacacttg gtacactcaa 660 
gggaactcaa cgaaatctca gtcgttagat 720 
cagagtaata actacactac agcctttgta 780 
actctaatac agagcgtggt tagcttgtac 840 
ccggttaaga ctttaaccga agttttgaac 900 
atgtggacaa aggaegggae ggtgcttgtt 960 
atctccaatg gctcgatttg etteggtaga 1020 
cctgaaaatt gcagttccag tggctacgag 1080 
ttttgctctg ttattgaagt ttcgggcgtt 1140 
aaaggaggag caacacgcat caagcaccaa 1200 
gttatgatat ttcttggctt cggttggcct 1260 
acaaggagag agatgeatat gcgtgcaacg 1320 
gctgagagaa agagcatgaa caagagtcaa 1380 
ggtgcccttg cagggatgaa aggtctgatt 1440 
tecgaegtag acaccactct caaccaagtg 1500 
ctcaactctg ttttggacat gagcaaaatc 1560 
gatttcaact tgtcgaaact tcttgaagac 1620 
aagaaagggg ttgatgtagt tttggatccg 1680 
gtacgagggg atagtggcag actgaagcag 1740 
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attctgaaca atcttgttag caatgctgtc 
agagcttggg ctcagaggcc aggttccaat 
ggtgtgtcca agtttgtaaa gagtatgttc 
gagacagaaa tatcgaattc cataagaaac 
gtggatgata ctggtaaagg gatacctatg 
gttcaagtaa gagaaacagc tcaaggacac 
cagtctttgg taagattaat gggaggggag 
aaaggaacat gtttccaatt caatgtttta 
gacatgaaag tgagacagga gatcgaagca 
gggctgacta taaacacttc acttggaggt 
ttcaacaact gtctcagctc aagtccaaag 
aaaaatgaag aacgcagaag agttacagag 
acagtggtgg agaaatggga gcatttgagt 
cctcagagtt ccatgggaag agcagagtgt 
cctttcattg gcatggacgg tattgattca 
agtttctctg cagttgtcct tttggtgatt 
tgcgatattg tcaaacagtt tcgtagaggc 
tggcttaacg aatcgagcac tcgtgtaagt 
ttgcacggat cgcgtcttat ggaagtcttg 
ctaaaagaac cacctactga gctgcaaagg 
gagagatcac caaaacataa agtccaagaa 
ttaggtaaga ggataatggc atcaacagat 
cgtaccggtc gaaagcctat tgggaaccca 
gacgatgaat tcttaagagg aaagagagtt 
aaagttgcaa caggaaagct gaagaagatg 
gggaaagaag ctttgagatt agtcactgaa 
gtagataaac ttccgtttga ctacatattc 
tatgaagcaa ctagagagat taggaaagtg 
atagctgtat ctggtcatga tcctggttca 
atggacgcct tcttagataa aagcttgaat 
agcaaacgtc actagtattg tataagtaga 
tgttttagac aatacttttt tagtatgacg 
taaagtccat ttcagat 

<210> 14 
<211> 3677 
<212> DNA 

<213> Artificial Sequence 



aagttcaccg tcgacgggca cattgcggta 1800 
agctctgtgg tccttgcatc atatcctaaa 1860 
tgcaagaata aagaagagtc atcaacctac 1920 
aatgcaaaca cgatggagtt tgtgtttgaa 1980 
gagatgcgta agtcggtatt tgaaaactat 2040 
caaggaactg gtttagggct cgggattgtg 2100 
ataagaatca ccgacaaggc catgggagag 2160 
ttgacaacat tagagtctcc tccagtgagt 2220 
ggaggcgatt atgtatccac gccaaacctc 2280 
agcatgaata tacgtaacct gagtcctaga 2340 
caagaaggtt ctagagtggt tcttctattg 2400 
aaatacataa agaatcttgg gattaaagtt 2460 
tatgctttgg agagactttt tggattttca 2520 
agtttgtcat gtccgagctc aagggagtta 2580 
agaagccaac ttcctaaaag gagaagcatc 2640 
gatgcaaaaa ctggaccatt ttttgagctg 2700 
ttgccccatg gaatatcctg taaagttgtt 2760 
gagagagggg acattagttg ttcgagacct 2820 
aagatgttgc ctgaatttgg aggaactgtg 2880 
gaatcattgc tgagacattc ttttgttgca 2940 
gaggggccaa gctcaatgtt taacaaaaaa 3000 
tcagagagtg agactagggt caagtcagtg 3060 
gaggacgagc aagagacttc caagccgagt 3120 
cttgtggtcg atgataactt tatatcacgt 3180 
ggagtctcag aggtcgaaca atgcgacagt 3240 
gggcttacac aaagagaaga acaaggttca 3300 
atggactgcc aaatgccaga aatggatggc 3360 
gagaaaagtt atggggtgcg tacaccaatt 3420 
gaggaagcaa gagaaaccat tcaagctgga 3480 
caacttgcaa acgtcattag agaaatcgaa 3540 
cagcacgcag ctttgtgcta ctaccattag 3600 
atgtcatagc agttttcttc taagtttatt 3660 

3677 



<220> 

<223> derived from Arabidopsis thai i ana 
<400> 14 

aattattcac tcaaattcac aaagggtttc gactttgctc cgaggaagaa gataatatga 60 
aaagagcttt ttagggttta tcattctcct tgactttgca aaacgtgaaa taagcttctt 120 
cc ttggagga ctaatcaaga cagaaatctg ttcctctaaa aacgatcgcc gttctagttc 180 
actcaaatga tggtgaaagt tacaaagctt gtggcttcac gtccaattgt ggtcttttgc 240 
gtcctggcat tcctggtggt tgttttcgag tgcatttgga tctcaaattg gcgaacaaca 300 
acggagaacc tagtcaaaga ggtcgcttca tttaccgaag atctccggac aagtctagtt 360 
tcggagattg aaaacatcgg aaaatttaca tatgctaaga caaacttatc tacgatcggt 420 
ttagcgagag ttatagattc t tatatca cc aacaacgaca ctggttttac agagattcaa 480 
acacagatcg caccattgtt gtttgtagct tattcaacga tccttcaagt ctcacaagtt 540 
tcgtacatca gtagggacgg tctcatgttt tcttacattg cagaatcaaa cacaagtgtc 600 
gctgtttttg ccaattcctc gtcgaattca agtcgtggag actacacttg gtacactcaa 660 
accgtggatc agttaactgg tcgtcttaac gggaactcaa cgaaatctca gtcgttagat 720 
gtaacccata cagattggtt ccaagcagca cagagtaata actacactac agcctttgta 780 
ggaacgagct tgggaggaga agataacgag actctaatac agagcgtggt tagcttgtac 840 
agcaagaaag gtcttgtttc tttagggttt ccggttaaga ctttaaccga agttttgaac 900 
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agtttgaatc tacacggcga agagctttac atgtggacaa aggacgggac ggtgcttgtt 960 
cgtgaaggtt cactgaatga ttctttcttc atctccaatg gctcgatttg cttcggtaga 1020 
gaatcgaact ccctctggtc tcaatgcatc cctgaaaatt gcagttccag tggctacgag 1080 
gtggagatca aaagattaag ataccaagct ttttgctctg ttattgaagt ttcgggcgtt 1140 
cctctgagat acacactcat gtttcccaac aaaggaggag caacacgcat caagcaccaa 1200 
gcggaaaagg caaaatatca acttattgtg gttatgatat ttcttggctt cggttggcct 1260 
gtatggtttg tgtggtttat gatgcaagca acaaggagag agatgcatat gcgtgcaacg 1320 
ctgataaacc aaatggaagc gacacaacaa gctgagagaa agagcatgaa caagagtcaa 1380 
gcatttgcaa atgctagcca agatattaga ggtgcccttg cagggatgaa aggtctgatt 1440 
gatatatgtc gtgatggagt taaacctggc tccgacgtag acaccactct caaccaagtg 1500 
aatgtttgcg ccaaggattt ggttgctctg ctcaactctg ttttggacat gagcaaaatc 1560 
gaaagcggga agatgcagtt agtggaagaa gatttcaact tgtcgaaact tcttgaagac 1620 
gtcatcgatt tttaccatcc cgttgcgatg aagaaagggg ttgatgtagt tttggatccg 1680 
cacgatggct cggttttcaa attctcgaat gtacgagggg atagtggcag actgaagcag 1740 
attctgaaca atcttgttag caatgctgtc aagttcaccg tcgacgggca cattgcggta 1800 
agagcttggg ctcagaggcc aggttccaat agctctgtgg tccttgcatc atatcctaaa 1860 
ggtgtgtcca agtttgtaaa gagtatgttc tgcaagaata aagaagagtc atcaacctac 1920 
gagacagaaa tatcgaattc cataagaaac aatgcaaaca cgatggagtt tgtgtttgaa 1980 
gtggatgata ctggtaaagg gatacctatg gagatgcgta agtcggtatt tgaaaactat 2040 
gttcaagtaa gagaaacagc tcaaggacac caaggaactg gtttagggct cgggattgtg 2100 
cagtctttgg taagattaat gggaggggag ataagaatca ccgacaaggc catgggagag 2160 
aaaggaacat gtttccaatt caatgtttta ttgacaacat tagagtctcc tccagtgagt 2220 
gacatgaaag tgagacagga gatcgaagca ggaggcgatt atgtatccac gccaaacctc 2280 
gggctgacta taaacacttc acttggaggt agcatgaata tacgtaacct gagtcctaga 2340 
ttcaacaact gtctcagctc aagtccaaag caagaaggtt ctagagtggt tcttctattg 2400 
aaaaatgaag aacgcagaag agttacagag aaatacataa agaatcttgg gattaaagtt 2460 
acagtggtgg agaaatggga gcatttgagt tatgctttgg agagactttt tggattttca 2520 
cctcagagtt ccatgggaag agcagagtgt agtttgtcat gtccgagctc aagggagtta 2580 
cctttcattg gcatggacgg tattgattca agaagccaac ttcctaaaag gagaagcatc 2640 
agtttctctg cagttgtcct tttggtgatt gatgcaaaaa ctggaccatt ttttgagctg 2700 
tgcgatattg tcaaacagtt tcgtagaggc ttgccccatg gaatatcctg taaagttgtt 2760 
tggcttaacg aatcgagcac tcgtgtaagt gagagagggg acattagttg ttcgagacct 2820 
ttgcacggat cgcgtcttat ggaagtcttg aagatgttgc ctgaatttgg aggaactgtg 2880 
ctaaaagaac cacctactga gctgcaaagg gaatcattgc tgagacattc ttttgttgca 2940 
gagagatcac caaaacataa agtccaagaa gaggggccaa gctcaatgtt taacaaaaaa 3000 
ttaggtaaga ggataatggc atcaacagat tcagagagtg agactagggt caagtcagtg 3060 
cgtaccggtc gaaagcctat tgggaaccca gaggacgagc aagagacttc caagccgagt 3120 
gacgatgaat tcttaagagg aaagagagtt cttgtggtcg atgataactt tatatcacgt 3180 
aaagttgcaa caggaaagct gaagaagatg ggagtctcag aggtcgaaca atgcgacagt 3240 
gggaaagaag ctttgagatt agtcactgaa gggcttacac aaagagaaga acaaggttca 3300 
gtagataaac ttccgtttga ctacatattc atggactgcc aaatgccaga aatggatggc 3360 
tatgaagcaa ctagagagat taggaaagtg gagaaaagtt atggggtgcg tacaccaatt 3420 
atagctgtat ctggtcatga tcctggttca gaggaagcaa gagaaaccat tcaagctgga 3480 
atggacgcct tcttagataa aagcttgaat caacttgcaa acgtcattag agaaatcgaa 3540 
agcaaacgtc actagtattg tataagtaga cagcacgcag ctttgtgcta ctaccattag 3600 
tgttttagac aatacttttt tagtatgacg atgtcatagc agttttcttc taagtttatt 3660 
taaagtccat ttcagat 3677 

<210> 15 
<211> 3677 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 
<400> 15 

aattattcac tcaaattcac aaagggtttc gactttgctc cgaggaagaa gataatatga 60 
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aaagagcttt ttagggttta tcattctcct tgactttgca aaacgtgaaa taagcttctt 120 
ccttggagga ctaatcaaga cagaaatctg ttcctctaaa aacgatcgcc gttctagttc 180 
actcaaatga tggtgaaagt tacaaagctt gtggcttcac gtccaattgt ggtcttttgc 240 
gtcctggcat tcctggtggt tgttttcgag tgcatttgga tctcaaattg gcgaacaaca 300 
acggagaacc tagtcaaaga ggtcgcttca tttaccgaag atctccggac aagtctagtt 360 
tcggagattg aaaacatcgg aaaatttaca tatgctaaga caaacttatc tacgatcggt 420 
ttagcgagag ttatagattc ttatatcacc aacaacgaca ctggttttac agagattcaa 480 
acacagatcg caccattgtt gtttgtagct tattcaacga tccttcaagt ctcacaagtt 540 
tcgtacatca gtagggacgg tctcatgttt tcttacattg cagaatcaaa cacaagtgtc 600 
gctgtttttg ccaattcctc gtcgaattca agtcgtggag actacacttg gtacactcaa 660 
accgtggatc agttaactgg tcgtcttaac gggaactcaa cgaaatctca gtcgttagat 720 
gtaacccata cagattggtt ccaagcagca cagagtaata actacactac agcctttgta 780 
ggaacgagct tgggaggaga agataacgag actctaatac agagcgtggt tagcttgtac 840 
agcaagaaag gtcttgtttc tttagggttt ccggttaaga ctttaaccga agttttgaac 900 
agtttgaatc tacacggcga agagctttac atgtggacaa aggacgggac ggtgcttgtt 960 
cgtgaaggtt cactgaatga ttctttcttc atctccaatg gctcgatttg cttcggtaga 1020 
gaatcgaact ccctcbggtc tcaatgcatc cctgaaaatt gcagttccag tggctacgag 1080 
gtggagatca aaagattaag ataccaagct ttttgctctg ttattgaagt ttcgggcgtt 1140 
cctctgagat acacactcat gtttcccaac aaaggaggag caacacgcat caagcaccaa 1200 
gcggaaaagg caaaatatca acttattgtg gttatgatat ttcttggctt cggttggcct 1260 
gtatggtttg tgtggtttat gatgcaagca acaaggagag agatgcatat gcgtgcaacg 1320 
ctgataaacc aaatggaagc gacacaacaa gctgagagaa agagcatgaa caagagtcaa 1380 
gcatttgcaa atgctagcca cgatattaga ggtgcccttg cagggatgaa aggtctgatt 1440 
gatatatgtc gtgatggagt taaacctggc tccgacgtag acaccactct caaccaagtg 1500 
aatgtttgcg ccaaggattt ggttgctctg ctcaactctg ttttggacat gagcaaaatc 1560 
gaaagcggga agatgcagtt agtggaagaa gatttcaact tgtcgaaact tcttgaagac 1620 
gtcatcgatt tttaccatcc cgttgcgatg aagaaagggg ttgatgtagt tttggatccg 1680 
cacgatggct cggttttcaa attctcgaat gtacgagggg atagtggcag actgaagcag 1740 
attctgaaca atcttgttag caatgctgtc aagttcaccg tcgacgggca cattgcggta 1800 
agagcttggg ctcagaggcc aggttccaat agctctgtgg tccttgcatc atatcctaaa 1860 
ggtgtgtcca agtttgtaaa gagtatgttc tgcaagaata aagaagagtc atcaacctac 1920 
gagacagaaa tatcgaattc cataagaaac aatgcaaaca cgatggagtt tgtgtttgaa 1980 
gtggatgata ctggtaaagg gatacctatg gagatgcgta agtcggtatt tgaaaactat 2040 
gttcaagtaa gagaaacagc tcaaggacac caaggaactg gtttagggct cgggattgtg 2100 
cagtctttgg taagattaat gggaggggag ataagaatca ccgacaaggc catgggagag 2160 
aaaggaacat gtttccaatt caatgtttta ttgacaacat tagagtctcc tccagtgagt 2220 
gacatgaaag tgagacagga gatcgaagca ggaggcgatt atgtatccac gccaaacctc 2280 
gggctgacta taaacacttc acttggaggt agcatgaata tacgtaacct gagtcctaga 2340 
ttcaacaact gtctcagctc aagtccaaag caagaaggtt ctagagtggt tcttctattg 2400 
aaaaatgaag aacgcagaag agttacagag aaatacataa agaatcttgg gattaaagtt 2460 
acagtggtgg agaaatggga gcatttgagt tatgctttgg agagactttt tggattttca 2520 
cctcagagtt ccatgggaag agcagagtgt agtttgtcat gtccgagctc aagggagtta 2580 
cctttcattg gcatggacgg tattgattca agaagccaac ttcctaaaag gagaagcatc 2640 
agtttctctg cagttgtcct tttggtgatt gatgcaaaaa ctggaccatt ttttgagctg 2700 
tgcgatattg tcaaacagtt tcgtagaggc ttgccccatg gaatatcctg taaagttgtt 2760 
tggcttaacg aatcgagcac tcgtgtaagt gagagagggg acattagttg ttcgagacct 2820 
ttgcacggat cgcgtcttat ggaagtcttg aagatgttgc ctgaatttgg aggaactgtg 2880 
ctaaaagaac cacctactga gctgcaaagg gaatcattgc tgagacattc ttttgttgca 2940 
gagagatcac caaaacataa agtccaagaa gaggggccaa gctcaatgtt taacaaaaaa 3000 
ttaggtaaga ggataatggc atcaacagat tcagagagtg agactagggt caagtcagtg 3060 
cgtaccggtc gaaagcctat tgggaaccca gaggacgagc aagagacttc caagccgagt 3120 
gacgatgaat tcttaagagg aaagagagtt cttgtggtcg atgataactt tatatcacgt 3180 
aaagttgcaa caggaaagct gaagaagatg ggagtctcag aggtcgaaca atgcgacagt 3240 
gggaaagaag ctttgagatt agtcactgaa gggcttacac aaagagaaga acaaggttca 3300 
gtagataaac ttccgtttga ctacatattc atgaactgcc aaatgccaga aatggatggc 3360 
tatgaagcaa ctagagagat taggaaagtg gagaaaagtt atggggtgcg tacaccaatt 3420 
atagctgtat ctggtcatga tcctggttca gaggaagcaa gagaaaccat tcaagctgga 3480 
atggacgcct tcttagataa aagcttgaat caacttgcaa acgtcattag agaaatcgaa 3540 
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agcaaacgtc actagtattg tataagtaga 
tgttttagac aatacttttt tagtatgacg 
taaagtccat ttcagat 

<210> 16 
<211> 3531 
<212> DNA 

<213> Arabidopsis thai i ana 
<400> 16 

atgtctataa cttgtgagct cttgaatctt 
agtgacaaga aatggctaaa gaagcctctc 
attgttttgg ttatgttctt acggttaggt 
aatggagaag agaaagtgtt gtatagacat 
ttggtctctt tgttctctga ttcagatcag 
agccctggaa tgtggacaaa ctatggtatt 
caagagacta gagggcttcc ctggaatctt 
tgtatgtgtg gtaatcttga accgatttta 
catgaagaag ggctggagca gggtttgtca 
atccttggtg tgttagtgtg ccataagatt 
aggaaagaga aagtacatct gcaagaggct 
cagacttctt ctagaggggc tggaagatgg 
ggaggagttt ccttctctgt ttggtggttt 
aggagggaga ctttggcaaa catgtgtgac 
aatgttagct tgaaccatgt tcatgccttg 
aaaatcccat ctgccattga tcagagaaca 
gagaggccac ttactagtgg tgtagcgtat 
aaatttgaaa aggagcatgg atgggcaata 
gtacaagatt gtgttcctga aaactttgat 
gttatatttg ctcaagaaac tgtttcccat 
gaagaccgtg aaaacatctt acgggcaagg 
tttaagcttc ttaagtcaaa tcatcttggt 
agcctaccgc ctgatgctac agaagaacag 
gcatcatatg atatgccatc gctggtggag 
acaattgctg tggatgttta cgacacaact 
tcagaaattg gggatataag tgagcagcat 
aggaaccatg agatgcattg caggtttaag 
acaccgtcga tcttagttct ggttattact 
atcaaccgaa ttgcgacagt tgaagaggat 
gctgaggccg ctgacattgc aaagtcacag 
actccgatga atggagtttt aggaatgctg 
aagcagatgg actatgcgca aactgctcat 
aatgaggttc ttgatcaggc aaagattgaa 
tttgatatgc gttttattct tgataatgtt 
aaaggaattg agttggccgt ttatgtttct 
ccgagtoggt tccggcagat cattacaaac 
gaaaggggac acatatttat ctcagtgcac 
attgaagacg cagtgctaaa acagcgacta 
gttagcgggt ttcctgcggt aaatgcatgg 
agtactgaga gtcagaattc tgatcaaatc 
gttggcatac ctgtggatgc acaaggccga 
tccacatcgc ggacttatgg tggaactggc 
gaactcatgc aaggagagat ggggtttgtg 
tttactggag ttttcgggaa agcagaaaca 
gatctagcta ttcaggagtt tacaggattg 
agagcagagg tcaccaggta cgaacttcgg 
agtctgagaa tggcatgcac ttgttgtatc 
atagacaaag acgcctggaa caaggaagaa 



cagcacgcag ctttgtgcta ctaccattag 3600 
atgtcatagc agttttcttc taagtttatt 3660 

3677 



acttcaaaga aagctaagaa gtcgtcgagc 60 
ttcttcctga ttttgtgtgg ctctttggta 120 
agaagtcaga aggaggagac agattcttgt 180 
caaaatgtca caagaagtga gattcatgat 240 
gtaacatcct ttgaatgtca taaggaatca 300 
acatgttccc tgagtgtgcg ttctgataaa 360 
ggcttaggac attctatctc atcaacatct 420 
cagcaacctg aaaaccttga ggaagaaaac 480 
tcgtatttaa gaaatgcatg gtggtgtcta 540 
tatgtatctc attctaaagc acgaggtgag 600 
ttagctccaa agaagcagca acaacgtgct 660 
aggaagaata tccttctcct tggtatttta 720 
tgggacacta atgaggagat cataatgaaa 780 
gaacgagcac gtgttttaca agatcagttc 840 
tctattcttg tatctacatt tcatcatggt 900 
tttgaagaat atactgagag aacaaacttt S60 
gctttgaaag tcccacactc agaaagagag 1020 
aagaaaatgg aaactgagga ccagacagtt 1080 
cccgcaccga ttcaagacga atacgcgcca 1140 
attgtatcgg tcgacatgat gtctggagaa 1200 
gcatcaggaa aaggagtgtt aacatctcca 1260 
gttgtgttga cctttgctgt ctatgacacg 1320 
cgtgttgaag caactattgg gtaccttggt 1380 
aaacttcttc accaacttgc cagcaaacag 1440 
aacacttcag gtctaataaa aatgtatggc 1500 
ataagtagcc ttgattttgg tgatccatca 1560 
cataaacttc ccattccctg gacagcgata 1620 
tttcttgttg gttatatttt atatgaagcc 1680 
tgtcagaaga tgagggaact caaagctcgt 1740 
ttcctagcaa ctgtttctca tgagatacgg 1800 
aaaatgctga tggacaccga tcttgatgcg 1860 
ggcagtggga aggatcttac atcactaata 1920 
tccggaaggc tcgagcttga aaatgtgcct 1980 
tcatctctcc tctctggcaa ggcaaatgaa 2040 
agtcaagttc ctgatgttgt agtcggtgat 2100 
ctggttggaa actcaatcaa attcacacag 2160 
cttgcagatg aggtaaagga gcctcttact 2220 
gctttaggat gcagcgagtc cggtgagaca 2280 
ggaagctgga agaatttcaa gacatgttac 2340 
aaattgctag ttacagtgga ggacactgga 2400 
atcttcacac cttttatgca agccgacagt 2460 
ataggtttga gtataagcaa acgtttggtt 2520 
agtgagcccg ggataggcag tact ttt tea 2580 
aataegtega ttactaagct ggaacgattc 2640 
agagcattag ttattgataa cagaaacatt 2700 
agactgggaa tatctgeaga cattgtttca 2760 
agcaaattag aaaatttggc tatgattcta 2820 
ttttcagtac ttgacgagtt gtttacccga 2880 
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agcaaagtaa cctttacaag agtcccaaag 
actgagcgca gtgagatgaa gtctactggt 
cggatgagtg tcttaatatg ttgcttgcaa 
ccgaacagac agcgaagaaa tcttggacac 
gatgataatc ttgtgaacag acgagttgca 
gttacatgcg ttgagagtgg caaagctgca 
gatgcttgct tcatggatct ccagatgcct 
gtccgtgagc tggagaggga aatcaataag 
atgttctgta aatttagtag ttggcacgtc 
caggctactc atgaagaatg catgaaatgt 
gaaga'ggaag tgctctacac agcggtagca 

<210> 17 
<211> 1503 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 17 

atggctccag taataaagct ggtcttaggt 
gcagtgtttc cctctgtacc attcctacca 
gcaatgctaa tggttatctt ccaagtgata 
ctcccgatac tcggtcttct ctttggaacg 
gatatgttca agtacttagg cacattgctt 
ctatgtagag tctgtcttgt ttccgctgtt 
tgtgtggttt taaccgagtt tgtgttgaag 
ccgttfcttgc tcgctttagc cacgagtgcg 
aatccgcaga atcttgttat tgcggttcaa 
ggtgtttttc ctgcgatgat tgttggtatt 
tattggcggt tattgtcaga tcataaagag 
gaagttgttg cccaagaaga tgtccaatct 
gtctcatccg aagattcgaa cttgagaatg 
ggttcagcgg gtgagagcga gttaataagc 
aacgacgcag agtctcaagg agagagcaat 
tggagaagag ttttatggaa atcaagtgtt 
ctgcttatgg gtttaaacat gtcgtggacc 
cttgatttca aagacgcaag gccgtctctc 
ttctgcggga tgttcataac cgttgatgga 
tgggacctaa tggagccata tgccaaaatt 
gttgtgattc ttgtcctctc caatgtagcc 
gcaagagtgg cggcatcagc gatgggg a gg 
gcgtgggtga gcacagtggc tggaaacttg 
gtgtgtgagc aagctcgtag agcagtgagc 
ttcaaattcg gtttgccttc aacactcatc 
taa 



atttttcttt tggcaacttc tgcaactctt 2940 
ctcatcgatg aggtggtgat aaagcctctt 3000 
gaaacccttg tcaatggcaa gaagaggcaa 3060 
ttgctaagag aaaaacagat tctggttgtg 3120 
gaaggtgcac ttaagaaata tggagctatt 3180 
ttggcaatgc ttaagccgcc tcataacttc 3240 
gaaatggatg gatttgaagc gacaaggaga 3300 
aaaatagctt ctggagaagt ttcagctgaa 3360 
ccgatattag caatgacagc agatgttatt 3420 
ggaatggatg gttatgtatc aaaaccgttt 3480 
agattctttg aaccttgtta a 3531 



tcagttgcct ttgccatttt ctggatatta 60 
attggtcgaa ccgccggttc tctgttcggt 120 
accccggaac aagcttatgc agccattgat 180 
atggttgtta gtatatacct tgagagagct 240 
tcgtggaaaa gcagaggtcc gaaagacttg 300 
tcaagcgctc tgtttactaa cgatacatct 360 
atcgctaggc aaaagaatct cccgcctcac 420 
aatattggtt cttctgctac tcccattggg 480 
agcaagatcc cgttttggga gtttcttctt 540 
accgttaacg ctatgcttct tctcggtatg 600 
gatgaagaag aagtacaaaa tgctgattct 660 
cataggttct cgccagctac attttcgcca 720 
gatgccgccg agactctcag aaacagagcg 780 
tgcaattcaa atgcgtcgag agaacaacac 840 
aataccaaca atatgttcca gaccaagaga 900 
tatttcatca cattaggaat gctaatatct 960 
gcaattaccg cggctctagc actcgtggtt 1020 
gagaaggtat cgtattcgct tttgatcttt 1080 
ttcaacaaaa ctggtatccc taccgctcta 1140 
gatcaagcca aaggaatcgc ggttctagca 1200 
tctaatgtac caaccgtgct tttgttggga 1260 
gaggaggaga agaaggcgtg gttgttgctg 1320 
acgttgcttg gttcagcagc aaacctgata 1380 
catggataca ctctcacttt cactaaacat 1440 
gtcactgcga ttggtctctt ccttatcaag 1500 

1503 



<210> 18 
<211> 1803 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> derived from Arabidopsis thaliana 



<400> 18 

atgcacatag taaaagtcga agatgatttc 
gaagctgctg atgtcgctaa atcgcagttt 
ccaatgaatg gcattctcgg aatgcttgct 
cagagagatt acgctcaaac cgctcaagta 



catgaaatgc aagagcttaa agttcgagca 60 
cttgctaccg tgtctcacga gatcaggaca 120 
atgctcctag atacagaact aagctcgaca 180 
tgtggtaaag ctttgattgc attgataaat 240 
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gaggttcttg atcgcgccaa gattgaagct ggaaagctgg agttggaatc agtaccattt 300 
gatatccgtt caatattgga tgatgtcctt tctctattct ctgaggagtc aaggaacaaa 360 
agcattgagc tcgcggtttt cgtttcagac aaagtaccag agatagtcaa aggagattca 420 
gggagattta gacagataat cataaacctt gttggaaatt cggttaaatt cacagagaaa 480 
ggacatatct ttgttaaagt ccatcttgcg gaacaatcaa aagatgaatc tgaaccgaaa 540 
aatgcattga atggtggagt caatgttagg cttatggttt caatcgaaga cacgggtatt 600 
ggaatccctt tagttgcgca aggccgtgtg tttatgccgt ttatgcaagc agatagctcg 660 
acttcaagaa actatggagg tactggtatt ggtttgagta taagcaagtg tcttgttgaa 720 
cttatgcgtg gtcagataaa tttcataagc cggcctcata ttggaagcac gttctggttc 780 
acggctgttt tagagaaatg cgataaatgc agtgcgatta accatatgaa gaaacctaat 840 
gtggaacact tgccttctac ttttaaagga atgaaagcta tagttgttga tgctaagcct 900 
gttagagctg ctgtgactag ataccatatg aaaagactcg gaatcaatgt tgatgtcgtg 960 
acaagtctca aaaccgctgt tgttgcagct gctgcgtttg aaagaaacgg ttctcctctc 1020 
ccaacaaaac cgcaacttga tatgatctta gtagagaaag attcatggat ttcaactgaa 1080 
gataatgact cagagattcg tttattgaat tcaagaacca acggaaacgt tcatcacaag 1140 
tctccgaaac tagctctatt cgcaacaaac atcacaaatt cggagttcga cagagctaaa 1200 
tccgcaggat ttgcagatac ggtaataatg aaaccgttaa gagcaagcat gattggggcg 1260 
tgtctgcaac aagttctcga gctgagaaaa acaagacaac aacatccaga aggatcatca 1320 
cccgcaactc tcaagagctt gcttacaggg aagaagattc ttgtggttga tgataatata 1380 
gttaacagga gagtagctgc aggagctctc aagaaatttg gagcagaagt ggtttgtgca 1440 
gagagtggtc aagttgcttt gggtttgctt cagattccac acactttcga tgcttgcttc 1500 
atggatattc aaatgccaca gatggacgga atgatggaga aggaaactaa agagaagaca 1560 
aatctcgaat ggcatttacc gattctagcg atgactgcgg atgtgataca cgcgacctac 1620 
gaggaatgtc tgaaaagtgg gatggatggt tacgtctcca aaccttttga agaagagaat 1680 
ctctataaat ccgttgccaa atcattcaaa cctaatccta tctcaccttc ccggaagagt 1740 
ggaccgattc tgctgattga tatgcatttt ggtttctgta catacagtag gttcacaatc 1800 
tag 1803 

<210> 19 
<211> 1803 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thai i ana 
<400> 19 

atgcacatag taaaagtcga 
gaagctgctg atgtcgctaa 
ccaatgaatg gcattctcgg 
cagagagatt acgctcaaac 
gaggttcttg atcgcgccaa 
gatatccgtt caatattgga 
agcattgagc tcgcggtttt 
gggagattta gacagataat 
ggacatatct ttgttaaagt 
aatgcattga atggtggagt 
ggaatccctt tagttgcgca 
acttcaagaa actatggagg 
cttatgcgtg gtcagataaa 
acggctgttt tagagaaatg 
gtggaacact tgccttctac 
gttagagctg ctgtgactag 
acaagtctca aaaccgctgt 
ccaacaaaac cgcaacttga 
gataatgact cagagattcg 
tctccgaaac tagctctatt 
tccgcaggat ttgcagatac 

-13- 



agatgatttc catgaaatgc 
atcgcagttt cttgctaccg 
aatgcttgct atgctcctag 
cgctcaagta tgtggtaaag 
gattgaagct ggaaagctgg 
tgatgtcctt tctctattct 
cgtttcagac aaagtaccag 
cataaacctt gttggaaatt 
ccatcttgcg gaacaatcaa 
caatgttagg cttatggttt 
aggccgtgtg tttatgccgt 
tactggtatt ggtttgagta 
tttcataagc cggcctcata 
cgataaatgc agtgcgatta 
ttttaaagga atgaaagcta 
ataccatatg aaaagactcg 
tgttgcagct gctgcgtttg 
tatgatctta gtagagaaag 
tttattgaat tcaagaacca 
cgcaacaaac atcacaaatt 
ggtaataatg aaaccgttaa 



aagagcttaa agttcgagca 60 
tgtctcaaga gatcaggaca 120 
atacagaact aagctcgaca 180 
ctttgattgc attgataaat 240 
agttggaatc agtaccattt 300 
ctgaggagtc aaggaacaaa 360 
agatagtcaa aggagattca 420 
cggttaaatt cacagagaaa 480 
aagatgaatc tgaaccgaaa 540 
caatcgaaga cacgggtatt 600 
ttatgcaagc agatagctcg 660 
taagcaagtg tcttgttgaa 720 
ttggaagcac gttctggttc 780 
accatatgaa gaaacctaat 840 
tagttgttga tgctaagcct 900 
gaatcaatgt tgatgtcgtg 960 
aaagaaacgg ttctcctctc 1020 
attcatggat ttcaactgaa 1080 
acggaaacgt tcatcacaag 1140 
cggagttcga cagagctaaa 1200 
gagcaagcat gattggggcg 1260 
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tgtctgcaac aagttctcga gctgagaaaa acaagacaac aacatccaga aggatcatca 1320 
cccgcaactc tcaagagctt gcttacaggg aagaagattc ttgtggttga tgataatata 1380 
gttaacagga gagtagctgc aggagctctc aagaaatttg gagcagaagt ggtttgtgca 1440 
gagagtggtc aagttgcttt gggtttgctt cagattccac acactttcga tgcttgcttc 1500 
atggatattc aaatgccaca gatggacgga atgatggaga aggaaactaa agagaagaca 1560 
aatctcgaat ggcatttacc gattctagcg atgactgcgg atgtgataca cgcgacctac 1620 
gaggaatgtc tgaaaagtgg gatggatggt tacgtctcca aaccttttga agaagagaat 1680 
ctctataaat ccgttgccaa atcattcaaa cctaatccba tctcaccttc ccggaagagt 1740 
ggaccgattc tgctgattga tatgcatttt ggtttctgta catacagtag gttcacaatc 1800 
tag 1803 

<210> 20 
<211> 1803 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 
<400> 20 

atgcacatag taaaagtcga agatgatttc catgaaatgc aagagcttaa agttcgagca 60 
gaagctgctg atgtcgctaa atcgcagttt cttgctaccg tgtctcacga gatcaggaca 120 
ccaatgaatg gcattctcgg aatgcttgct atgctcctag atacagaact aagctcgaca 180 
cagagagatt acgctcaaac cgctcaagta tgtggtaaag ctttgattgc attgataaat 240 
gaggttcttg atcgcgccaa gattgaagct ggaaagctgg agttggaatc agtaccattt 300 
gatatccgtt caatattgga tgatgtcctt tctctattct ctgaggagtc aaggaacaaa 360 
agcattgagc tcgcggtttt cgtttcagac aaagtaccag agatagtcaa aggagattca 420 
gggagattta gacagataat cataaacctt gttggaaatt cggttaaatt cacagagaaa 480 
ggacatatct ttgttaaagt ccatcttgcg gaacaatcaa aagatgaatc tgaaccgaaa 540 
aatgcattga atggtggagt caatgttagg cttatggttt caatcgaaga cacgggtatt 600 
ggaatccctt tagttgcgca aggccgtgtg tttatgccgt ttatgcaagc agatagctcg 660 
acttcaagaa actatgg a gg tactggtatt ggtttgagta taagcaagtg tcttgttgaa 720 
cttatgcgtg gtcagataaa tttcataagc cggcctcata ttggaagcac gttctggttc 780 
acggctgttt tagagaaatg cgataaatgc agtgcgatta accatatgaa gaaacctaat 840 
gtggaacact tgccttctac ttttaaagga atgaaagcta tagttgttga tgctaagcct 900 
gttagagctg ctgtgactag ataccatatg aaaagactcg gaatcaatgt tgatgtcgtg 960 
acaagtctca aaaccgctgt tgttgcagct gctgcgtttg aaagaaacgg ttctcctctc 1020 
ccaacaaaac cgcaacttga tatgatctta gtagagaaag attcatggat ttcaactgaa 1080 
gataatgact cagagattcg tttattgaat tcaagaacca acggaaacgt tcatcacaag 1140 
tctccgaaac tagctctatt cgcaacaaac atcacaaatt cggagttcga cagagctaaa 1200 
tccgcaggat ttgcagatac ggtaataatg aaaccgttaa gagcaagcat gattggggcg 1260 
tgtctgcaac aagttctcga gctgagaaaa acaagacaac aacatccaga aggatcatca 1320 
cccgcaactc tcaagagctt gcttacaggg aagaagattc ttgtggttga tgataatata 1380 
gttaacagga gagtagctgc aggagctctc aagaaatttg gagcagaagt ggtttgtgca 1440 
gagagtggtc aagttgcttt gggtttgctt cagattccac acactttcga tgcttgcttc 1500 
atgaatattc aaatgccaca gatggacgga atgatggaga aggaaactaa agagaagaca 1560 
aatctcgaat ggcatttacc gattctagcg atgactgcgg atgtgataca cgcgacctac 1620 
gaggaatgtc tgaaaagtgg gatggatggt tacgtctcca aaccttttga agaagagaat 1680 
ctctataaat ccgttgccaa atcattcaaa cctaatccta tctcaccttc ccggaagagt 1740 
ggaccgattc tgctgattga tatgcatttt ggtttctgta catacagtag gttcacaatc 1800 
tag 1803 

<210> 21 
<211> 465 
<212> DNA 

<213> Arabidopsis thaliana 



<400> 21 
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atggatttgg ttcagaagca gaagagtttg caagattaca ccaaatcact cttcttagaa 60 
gggattttgg acagccagtt cttgcagctg caacaactac aagatgaaag caatccagat 120 
tttgtttcac aagttgtcac actcttcttc caagactctg ataggattct caatgatctc 180 
tcactttccc tagatcaaca agttgtagac tttaaaaaag ttgatcccca tghtcatcaa 240 
ctcaaaggta gcagctccag tataggagca cagagagtta agaatgcttg tgttgtcttc 300 
cgcagcttct gcgagcagca aaatgtcgaa gcatgtcata gatgtttgca acaagtgaag 3 60 
caagagtatt atcttgtgaa aaacagatta gagactctgt tcaagctgga gcaacagatt 420 
gtagcttctg gtggaatgat cccggccgtc gaactcggat tttga 465 

<210> 22 
<211> 817 
<212> DNA 

<213> Arabidopsis t ha liana 
<400> 22 

gaaagacaaa acacaagttt cttcttcttg ggattggcta tttccagaaa tccaagtcaa 60 

taatcaaagt ccaaacaaaa aaatcctctc ccaatctccg cttcactctt ctcatggacg 120 

ctctcattgc tcagcttcag agacaatttc gtgattacac catttctctc taccaacagg 180 

ggtttttgga tgatcaattt actgagttga aaaagctaca agatgatgga agbcctgatt 240 

ttgtgtctga agtgctttca cttttctttg aagattgtgt gaagcttatc agtaacatgg 300 

ctagagcttt ggacacgaca ggaactgtag attttagtca ggtaggtgct agtgtgcatc 360 

aattgaaggg tagtagctca agtgttggtg ccaagagggt caaaactttg tgtgttagct 420 

tcaaggaatg ttgtgaagct aagaactacg aagggtgtgt gagatgtttg cagcaagtgg 480 

atattgagta caaggcgtta aagacaaagc ttcaagatat gttcaatctt gagaaacaga 540 

tcattcaagc tggtggtata gttcctcaag tggatattaa ctaaagagac tagtccataa 600 

gaagaaaaaa gatgatgact ttctttcttt agtttctctt ctaaattatt ttggatttgg 660 

tgtttgctca aaaactcaat aaaatatgtg caaaaagaaa caaaaacaag tgatggttgt 720 

ttataaatca gtagtatgta ttgtttgatc tcatccgaga aaattgaaac cattggacta 780 
atgaatgtga tgataatata tattggtttg cttctcc 817 

<210> 23 
<211> 510 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 23 

aactttagct atgaacacca tcgtcgttgc tcagttgcag agacaatttc aagactacat 60 
cgtttctctt tatcaacagg gatttctgga taatcagttc tcagagttga gaaagttgca 120 
agatgaagga acccctgatt ttgtagctga agttgtctct ctattcttcg acgactgttc 180 
caagcttatt aataccatgt ctatatccct ggagcggcca gataatg t g g atttcaaaca 240 
ggtggattca ggtgttcatc aactcaaggg tagtagctcc agtgtcggtg caaggagggt 300 
gaaaaatgtg tgcatatctt tcaaggaatg ttgcgatgtt cagaaccgtg aagggtgtct 360 
aaggtgttta cagcaggtgg attatgaata taagatgtta aagactaaac ttcaggatct 420 
ctttaattta gagaaacaga tcctccaagc tggaggtaca attcctcaag tggatataaa 480 
ttagaccgat gcgtttctcg attatgcaaa 510 

<210> 24 
<211> 465 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 



<400> 24 

atggatttgg ttcagaagca gaagagtttg 
gggattttgg acagccagtt cttgcagctg 
tttgtttcac aagttgtcac actcttcttc 



caagattaca ccaaatcact cttcttagaa 60 
caacaactac aagatgaaag caatccagat 120 
caagactctg ataggattct caatgatctc 180 
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tcactttccc tagatcaaca agttgtagac tttaaaaaag ttgatcccca tgttcaacaa 240 
cbcaaaggta gcagctccag tataggagca cagagagtta agaatgcttg tgttgtcttc 300 
cgcagcttct gcgagcagca aaatgtcgaa gcatgtcata gatgtttgca acaagtgaag 360 
caagagtatt atcttgtgaa aaacagatta gagactctgt tcaagctgga gcaacagatt 420 
gtagcttctg gtggaatgat cccggccgtc gaactcggat tttga 465 

<210> 25 
<211> 465 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 
<400> 25 

atggatttgg ttcagaagca gaagagtttg caagattaca ccaaatcact cttcttagaa 60 
gggattttgg acagccagtt cttgcagctg caacaactac aagatgaaag caatccagat 120 
tttgtttcac aagttgtcac actcttcttc caagactctg ataggattct caatgatctc 180 
tcactttccc tagatcaaca agttgtagac tttaaaaaag ttgatcccca agttcaacaa 240 
ctcaaaggta gcagctccag tataggagca cagagagtta agaatgcttg tgttgtcttc 300 
cgcagcttct gcgagcagca aaatgtcgaa gcatgtcata gatgtttgca acaagtgaag 360 
caagagtatt atcttgtgaa aaacagatta gagactctgt tcaagctgga gcaacagatt 420 
gtagcttctg gtggaatgat cccggccgtc gaactcggat tttga 465 

<210> 26 
<211> 1176 
<212> PRT 

<213> Arabidopsis thaliana 



<400> 26 



Met 


Ser 


He 


Thr 


Cys 


Glu 


Leu 


Leu 


Asn 


Leu 




Ser 


Lys Lys Ala Lys 


1 








5 










10 






15 


Lys 


Ser 


Ser 


Ser 
20 


Ser 


Asp 


Lys 


Lys 


Trp 
25 


Leu 


Lys 


Lys 


Pro Leu Phe Phe 
30 


Leu 


He 


Leu 
35 


Cys 


Gly 


Ser 


Leu 


Val 
40 


He 


Val 


Leu 


Val 


Met Phe Leu Arg 
45 


Leu 


Gly 
50 


Arg 


Ser 


Gin 


Lys 


Glu 
55 


Glu 


Thr 


Asp 


Ser 


Cys 
60 


Asn Gly Glu Glu 


Lys 


Val 


Leu 


Tyr 


Arg 


His 


Gin 


Asn 


Val 


Thr 


Arg 


Ser 


Glu He His Asp 


65 










70 










75 




80 


Leu 


Val 


Ser 


Leu 


Phe 
85 


Ser 


Asp 


Ser 


Asp 


Gin 
90 


Val 


Thr 


Ser Phe Glu Cys 
95 


His 


Lys 


Glu 


Ser 
100 


Ser 


Pro 


Gly 


Met 


Trp 
105 


Thr 


Asn 


Tyr 


Gly He Thr Cys 
110 


Ser 


Leu 


Ser 
115 


Val 


Arg 


Ser 


Asp 


Lys 
120 


Gin 


Glu 


Thr 


Arg 


Gly Leu Pro Trp 
125 


Asn 


Leu 
130 


Gly 


Leu 


Gly 


His 


Ser 
135 


He 


Ser 


Ser 


Thr 


Ser 
140 


Cys Met Cys Gly 


Asn 


Leu 


Glu 


Pro 


He 


Leu 


Gin 


Gin 


Pro 


Glu 


Asn 


Leu 


Glu Glu Glu Asn 


145 










150 










155 
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His 


Glu 


Glu 


Gly 


Leu 

165 


Glu 


Gin 


Gly 


Leu 


Ser 

170 


Ser 


Tyr 


Leu Arg Asn Ala 

175 


Trp 


Trp 


Cys 


Leu 
180 


He 


Leu 


Gly 


Val 


Leu 
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Val 


Cys 


His 


Lys He Tyr Val 
190 


Ser 


His 


Ser 
195 


Lys 


Ala 


Arg 


Gly 


Glu 
200 


Arg 


Lys 


Glu 


Lys 


Val His Leu Gin 
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Glu 
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210 


Leu 


Ala 


Pro 


Lys 


Lys 
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Gin 


Gin 


Gin 


Arg 


Ala 
220 


Gin Thr Ser Ser 
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Arg 


Gly 


Ala 


Gly 


o o c 
225 








Gly 


Gly 


val 


ser 


lie 


lie 


Met 


Lys 








260 


Ala 


Arg 


Val 


Leu 






275 
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Leu 


Ser 
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Gin 
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Pro 
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Ser 


Glu 


Arg 
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Met 


Glu 
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Pro 
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Glu 


Leu 


Thr 


Ser 


Pro 








420 


Leu 
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Gin 
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*m m> ^ 
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Met 
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Ser 


Leu 
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mm. ^fe 
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Arg 
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a m m % *i ^ . 
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T r* 
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val 




&t m^m. ~M-T> 
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Asn 






too 










/ DU 


















Ala 


Trp 


Gly 


Ser 


Trp 


Lys 


Asn 


Pne 


Lys 


rnr 


Cys 


Tyr 


mT*m. -»_n. 

Ser 


Tnr 


GlU 


ser 




770 










775 










780 










Gin 


Asn 


Ser 


Asp 


Gin 


lie 


Lys 


Leu 


Leu 


Val 


Thr 


Val 


Glu 


Asp 


Tnr 


Gly 


785 










790 










i n r? 

795 










r» f\ n 

800 


Val 


Gly 


lie 


Pro 


Val 


Asp 


Ala 


Gin 


Gly 


Arg 


He 


Phe 


Thr 


Pro 


Phe 


Met 










805 










810 










815 




Gill 


Ala 


Asp 


Ser 


Ser 


Thr 


Ser 


Arg 


Thr 


Tyr 


Gly 


Gly 


Thr 


Gly 


lie 


Gly 








820 










s\ r— 

825 










A f\ 

830 






Leu 


Ser 


lie 


Ser 


Lys 


Arg 


Leu 


Val 


Glu 


Leu 


Met 


Gin 


Gly 


Glu 


Met 


Gly 






835 










840 










845 








Phe 


Val 


Ser 


Glu 


Pro 


Gly 


lie 


Gly 


^mm 

Ser 


Thr 


Phe 


Ser 


Phe 


Thr 


Gly 


Val 




850 










855 










a <\ 
860 










Phe 


Gly 


Lys 


Ala 


Glu 


Thr 


Asn 


Thr 


Ser 


He 


Tnr 


Lys 


Leu 


Glu 


Arg 


Pne 


n ^ 

865 










n >t n 

870 










875 










AAA 

880 


Asp 


Leu 


Ala 


lie 


Gin 


Glu 


Phe 


Thr 


Gly 


Leu 


Arg 


Ala 


Leu 


Val 


He 


Asp 










A l" 

885 










AAA 

890 










895 




Asn 


Arg 


Asn 


lie 


Arg 


Ala 


Glu 


Val 


Thr 


Arg 


Tyr 


Glu 


Leu 


Arg 


Arg 


Leu 








900 










905 










910 






Gly 


lie 


Ser 


Ala 


Asp 


lie 


Val 


Ser 


Ser 


Leu 


« 

Arg 


Met 


Ala 


***** . 

Cys 


Thr 


Cys 






915 










920 










925 








Cya 


lie 


Ser 


Lys 


Leu 


Glu 


Asn 


Leu 


Ala 


Met 


He 


Leu 


He 


Asp 


Lys 


Asp 




930 










935 










940 










Ala 


Trp 


Asn 


Lys 


Glu 


Glu 


Phe 


Ser 


Val 


Leu 


Asp 


Glu 


Leu 


Phe 


Thr 


Arg 


945 










950 










o c c 
955 










O C f\ 

960 


Ser 


Lys 


Val 


Thr 


Phe 


ml _ _ 

Thr 


Arg 


Val 


Pro 


Lys 


He 


Phe 


Leu 


Leu 


Ala 


Thr 










965 










970 










9 /i> 




Ser 


Ala 


Thr 


Leu 


Thr 


Glu 


Arg 


Ser 


Glu 


Met 


Lys 


Ser 


Thr 


Gly 


Leu 


He 








980 










985 










990 






Asp 


Glu 


Val 


Val 


lie 


Lys 


Pro 


Leu 


Arg 


Met 


Ser 


Val 


Leu 


He 


cys 


Cys 






995 










1000 








1005 






Leu 


Gin 


GlU 


Thr 


Leu 


Val 


Asn 


Gly Lys 


Lys 


Arg 


Gin 


Pro 


Asn 


Arg 


Gin 




1010 








1015 








1020 








Arg 


Arg Asn 


Leu 


Gly 


His 


Leu 


Leu Arg 


Glu 


Lys 


Gin 


He 


Leu 


Val 


Val 



1025 1030 1035 1040 

Asp Asp Asn Leu Val Asn Arg Arg Val Ala Glu Gly Ala Leu Lys Lys 

1045 1050 1055 

Tyr Gly Ala He Val Thr Cys Val Glu Ser Gly Lys Ala Ala Leu Ala 

1060 1065 1070 

Met Leu Lys Pro Pro His Asn Phe Asp Ala Cys Phe Met Asp Leu Gin 

1075 1080 1085 

Met Pro Glu Met Asp Gly Phe Glu Ala Thr Arg Arg Val Arg Glu Leu 

1090 1095 1100 

Glu Arg Glu He Asn Lys Lys He Ala Ser Gly Glu Val Ser Ala Glu 
1105 1110 1115 1120 

Met Phe Cys Lys Phe Ser Ser Trp His Val Pro He Leu Ala Met Thr 

1125 1130 1135 

Ala Asp Val He Gin Ala Thr His Glu Glu Cys Met Lys Cys Gly Met 

1140 ' 1145 1150 
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Asp Gly Tyr Val Ser Lys Pro Phe 

1155 1160 

Val Ala Arg Phe Phe Glu Pro Cys 
1170 1175 



<210> 27 
<211> 1036 
<212> PRT 

<213> Arabidopsis thaliana 



<400> 27 



Met 


Ser 


Leu 


Phe 


His 


Val 


Leu 


Gly 


1 








5 








Phe 


Trp 


Met 


Leu 


Cys 


Cys 


Trp 


Phe 








20 










lie 


Glu 


Asp 


Lys 


Ser 


Gly 


Leu 


Leu 






35 










40 


Lys 


Thr 


Lys 


Met 


Thr 


Thr 


Leu 


Lys 




50 










55 




Asn 


Lys 


lie 


Ser 


Ser 


Ser 


Gly 


Leu 


65 










70 






Phe 


Leu 


Gly 


Ser 


Val 


Lys 


Phe 


Asn 










85 








Val 


Val 


Trp 


Val 


Val 


Phe 


Trp 


Val 








100 










Tyr 


Phe 


Ser 


Ser 


Gin 


Ala 


Met 


Glu 






115 










120 


Met 


Cys 


Asp 


Glu 


Arg 


Ala 


Arg 


Met 




130 










135 




Met 


Asn 


His 


Val 


Gin 


Ala 


Met 


Ser 


145 










150 






Gly 


Lys 


lie 


Pro 


Ser 


Ala 


He 


Asp 










165 








Asp 


Arg 


Thr 


Ser 


Phe 


Glu 


Arg 


Pro 








180 










Met 


Arg 


Val 


Leu 


His 


Ser 


Glu 


Arg 






195 










200 


Trp 


Thr 


He 


Arg 


Lys 


Met 


Tyr 


Ser 




210 










215 




Asp 


Asp 


Tyr 


Asp 


Leu 


Glu 


Ala 


Leu 


225 










230 






Tyr 


Ala 


Pro 


Val 


He 


Phe 


Ala 


Gin 










245 








Leu 


Asp 


Met 


Leu 


Ser 


Gly 


Lys 


Glu 








260 










Arg 


Ser 


Ser 


Gly 


Lys 


Gly 


Val 


Leu 






275 










280 




Asn 


Arg 


Leu 


Gly 


Val 


He 


Leu 




290 










295 




Leu 


Pro 


Ser 


Asn 


Ala 


Thr 


Pro 


Lys 


305 










310 






Tyr 


Leu 


Gly 


Gly 


Val 


Phe 


Asp 


He 










325 








Gin 


Gin 


Leu 


Ala 


Ser 


Lys 


Gin 


Thr 








340 










Thr 


Asn 


His 


Ser 


Gin 


Pro 


He 


Ser 






355 










360 
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Glu 


Glu Glu Val Leu Tyr 


Thr 


Ala 


i 


1165 






Pne 


Li±y vax Liys xxe 


Gly 


HXS 


Leu 




10 








val 


Ser Trp Pne Val 


Asp 


Asn 


GXy 






30 






Val 


Gxy ser vai Gxy 


Asp 


Leu 


GlU 




45 








Lys 


Lys Asn Lys Met 


Trp 


Pne 


Trp 




60 








Lys 


He Pro Ser Pne 


Ser 


Tyr 


Gin 




75 






80 


Lys 


Ala Trp Trp Arg 


Lys 


Leu 


Val 




90 




ft c 

95 




Leu 


Val Ser He Trp 


Thr 


Pne 


Trp 


105 




110 






Lys 


Arg Lys Glu Thr 


Leu 


Ala 


Ser 




125 








Leu 


Gin Asp Gin Phe 


Asn 


Val 


Ser 




140 








He 


Leu He Ser Thr 


Pne 


Hxs 


Hxs 




155 






160 


Gin 


Arg Thr Phe Ser 


Glu 


Tyr 


Thr 




170 




175 




Leu 


tux ser GJLy vax 


AJ.a 


Tyr 


Ala 


185 




190 






Glu 


Glu Pne Glu Arg 


Gin 


Gin 


Gly 




**i r 
205 








Leu 


Glu Gin Asn Pro 


Val 


HIS 


Lys 




^ ^\ 

220 








GlU 


pro ser pro vax 


Gin 


GlU 


GlU 




O 1 c 

235 








Asp 


J. Hi Val OCXT nio 


Vctx 


Val 


tf*^ --j— 

ser 




250 




o c c 




Asp 


Arg Glu Asn Val 


Leu 


Arg 


Ala 


265 




270 






Tor 


Ala Pro Phe Pro 


Leu 


lie 


Lys 




285 








Thr 


Phe Ala Val Tyr 


Lys 


Arg 


Asp 




300 








Glu 


Arg He Glu Ala 


Thr 


Asn 


Gly 




315 






320 


Glu 


Ser Leu Val Glu 


Asn 


Leu 


Leu 




330 




335 




He 


Leu Val Asn Val 


Tyr 


Asp 


He 


345 




350 






Met 


Tyr Gly Thr Asn 


Val 


Ser 


Ala 



365 
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Asp 


Gly 


Leu Glu 


Arg 


vai 


ber 


r*ro 




3 /U 








•37C 
J (J 




Lys 


HIS 


Glu Met 


Arg 


cys 


Arg 


pne 


385 














Leu 


Ser 


Met Val 


Tnr 


Ser 


Pne 


Gly 








A f\C 

4U5 








Ala 


HIS 


lie lie 


HIS 


Ala 


Tnr 


Val 






a o n 
4^U 










Asp 


Cys 


Asp Lys 


Met 


Lys 


Gin 


Leu 






435 








440 


Val 


Ala 


Lys Ser 


Gin 


Pne 


Leu 


Ala 




450 








455 




Pro 


Met 


Asn Gly 


Val 


Leu 


Gly 


Met 


465 








470 






Leu 


Asp 


Val Thr 


Gin 


Gin 


Asp 


Tyr 








485 








Lys 


Ala 


Leu Val 


Ser 


lieu 


He 


Asn 






500 










Glu 


Ser 


Gly Lys 


Leu 


Glu 


Leu 


Glu 






515 








520 


He 


Leu 


Asp Asp 


Val 


Leu 


Ser 


Leu 




530 








535 




Gly 


Val 


Glu Leu 


Ala 


Val 


Tyr 


He 


545 








550 






He 


Gly 


Asp Pro 


Gly 


Arg 


Phe 


Arg 








565 








Asn 


Ser 


He Lys 


Phe 


Thr 


Glu 


Lys 






580 










Leu 


Val 


Asp Glu 


Leu 


Phe 


Glu 


Ser 






595 








600 


Pro 


Glu 


Ser Thr 


Leu 


Ser 


Gly 


Leu 




610 








615 




Trp 


JIM V 

Glu 


Asn Phe 


Lys 


Ala 


Phe 


Ser 


625 








630 






Pro 


Ser 


Pro Pro 


Asp 


He 


Asn 


Leu 








645 








Val 


Gly 


He Pro 


Val 


Glu 


Ala 


Gin 






660 










Gin 


Val 


Gly Pro 


Ser 


He 


Ser 


Arg 






675 








680 


Leu 


Ser 


He Ser 


Lys 


Cys 


Leu 


Val 




690 








695 




Phe 


Ser 


Ser Thr 


Pro 


Lys 


Val 


Gly 


705 








710 






Phe 


Ser 


Asn Gly 


Met 


Gin 


Pro 


'Kin 
Ala 








725 








Pro 


He 


Phe Ser 


Glu 


Phe 


Arg 


Gly 






740 










Arg 


Pro 


Ala Arg 


Ala 


Lys 


Val 


Ser 






755 








r» rv 


He 


Arg 


Val Glu 


Val 


Val 


Pro 


Arg 




770 








775 




Lys 


He 


Gly Thr 


Thr 


Thr 


Val 


Asn 


785 








790 






Trp 


Asn 


Arg Glu 


Ala 


Asp 


Asp 


Phe 








805 








Leu 


Phe 


Leu Ser 


Pro 


Lys 


Leu 


He 



820 



Leu 


lie pne siy 


Asp Fro .ueu 


Arg 




a on 






Lys 


Gin Lys Pro 


pro Trp Fro 


val 




395 




A f\f\ 

400 


lie 


Leu val lie 


Aia Leu lieu 


vai 




410 






Ser 


Arg lie His 


Lys vai biu 


VjIU 


425 




4o U 




Lys 


Lys Lys Ala 


Glu Aia Ala 


ASp 






A A C 

445 




Thr 


Val Ser His 


Glu lie Arg 


Tnr 




4oU 






Leu 


His Met Leu 


Met Asp Tnr 


Glu 




475 




480 


Val 


Arg Thr Ala 


Gin Ala Ser 


Gly 




490 


i AC 

495 




Glu 


Val Leu Asp 


Gin Ala Lys 


He 


505 




510 




Glu 


Val Arg Phe 


Asp Leu Arg 


Gly 






525 




Phe 


Ser Ser Lys 


Ser Gin Gin 


Lys 




540 






Ser 


Asp Arg Val 


Pro Asp Met 


Leu 




555 




560 


Gin 


He Leu Thr 


Asn Leu Met 


Gly 




570 


575 




Gly 


His He Phe 


Val Thr Val 


HIS 


585 




590 




He 


Asp Gly Glu 


Thr Ala Ser 


Ser 






605 




Pro 


Val Ala Asp 


Arg Gin Arg 


Ser 




#> 

620 






Ser 


Asn Gly His 


Arg Ser Phe 


Glu 




635 




ca n 
o40 


He 


Val Ser Val 


Glu Asp Thr 


Gly 




650 


655 




Ser 


Arg He Phe 


Thr Pro Phe 


Met 


665 


fl /"V 

670 




Thr 


His Gly Gly 


_-t_ V ^ 

Thr Gly He 


Gly 






n r* 

685 




Gly 


Leu Met Lys 


Gly Glu He 


Gly 




ml a g\ 

700 






Ser 


■■tft 

Thr Phe Thr 


Phe Thr Ala 


Val 




715 




r-m r\ f\ 

720 


Glu 


Arg Lys Asn 


Asp Asn Asn 


Gin 




730 


n r** 

735 




Met 


Lys Ala Val 


Val Val Asp 


HIS 


745 




750 




Trp 


Tyr His Phe 


Gin Arg Leu 


Gly 






W9 ^ 

765 




Val 


Glu Gin Ala 


Leu His Tyr 


Leu 




780 






Met 


He Leu He 


Glu Gin Glu 


He 




795 




800 


He 


Lys Lys Leu 


Gin Lys Asp 


Pro 




810 


815 




Leu 


Leu Ala Asn 


Ser Val Glu 


Ser 


825 




830 
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O AW* 


j.j.e 


dci urlU Ala 


lieu 


Cys 


inr 


«iy lie 


ASp 


Fro 


Fro 


lie 


17s»T 

vai 


TT ek. 

lie 












Oft u 








Of* 3 








Vdi 


jjys 


Fro lieu Arg 


Ala 


ber 


Mer 


jjeu Aia 


Aia 


inx 


T m*K* m 

Leu 


lain 


Arg 


i»iy 




fit; n 






ODD 








oou 










JJCU. 


t>iy 


lie i*iy lie 


Arg 


biU 


pro 


Fro vjin 


IllS 


Lys 


oiy 


Fro 


Fro 


Aia 


oob 














0 /b 










q q n 
00 U 


Leu 


I JLe 


Leu Arg Asn 


T ai-> 

Leu 


Leu 


Leu 


Lily Arg 


Lys 


He 


T ni • 

Leu 


Tl « 

lie 


val 


Asp 














07U 










O 73 




Asp 


Tl n« 


■» TT-. *1 Tk j ■ ■ . 

Asn val Asn 


Leu 


Arg 


IT- T 

Val 


Ala Ala 


Gly 


Ala 


Leu 


Lys 


Lys 


Tyr 














one 








yiu 








Ala 


Asp vai vai 


Cys 


Aia 


GlU 


ber Gly 


lie 


Lys 


i» 1 _ 
Ala 


Tl A 

lie 


ber 


Leu 






915 














925 








Leu 


Lys 


Pro Pro His 


GlU 


Pne 


Asp 


Ala cys 


Pne 


Met 


Asp 


lie 


Gin 


Met 




yju 
























Pro 


GlU 


Met Asp Gly 


Pne 


Glu 


Ala 


Thr Arg 


Arg 


He 


Arg 


Asp 


Met 


GlU 


SJ4b 






OCA 








ybb 










0 f n 


Glu 


Glu 


Met Asn Lys 


Arg 


He 


Lys 


Asn Gly 


Glu 


Ala 


Leu 


He 


Val 


Glu 






965 








970 










9 /b 




Asn 


Gly 


Asn Lys Thr 


Ser 


Trp 


His 


Leu Pro 


Val 


Leu 


Ala 


Met 


Thr 


Ala 






980 








985 








990 






Asp 


Val 


He Gin Ala 


Thr 


His 


Glu 


Glu Cys 


Leu 


Lys 


Cys 


Gly 


Met 


Asp 






995 






1000 






1005 






Gly 


Tyr 


Val Ser Lys 


Pro 


Phe 


Glu 


Ala Glu 


Gin 


Leu 


Tyr 


Arg 


Glu 


Val 




1010 




1015 






1020 








Ser 


Arg 


Phe Phe Asn 


Ser 


Pro 


Ser Asp Thr 


Glu 


Ser 











1025 1030 1035 



<210> 28 
<211> 1057 
<212> PRT 

<213> Arabidopsis thai i ana 
<400> 28 



Met 


Asn 


Trp 


Ala 


Leu 


Asn 


Asn 


His 


1 








5 








Arg 


He 


Glu 


He 
20 


Ser 


Asp 


Ser 


Glu 


Asp 


Phe 


Tyr 


Gin 


Leu 


Gly 


Gly Gly 






35 










40 


Pro 


Arg 


Lys 


He 


Asp 


Phe 


Trp Arg 




50 










55 




Met 


Gin 


Gin 


Gin 


Gin 


Gin 


Leu 


Gin 


65 










70 






Asn 


Asn 


Asn 


Asn 


Asn 
85 


Asp 


Leu 


Met 


He 


Gin 


Glu 


His 
100 


Arg 


Ala 


Leu 


Leu 


He 


He 


Val 
115 


Gly 


Phe 


He 


Ser 


Ser 
120 


Ala 


Asn 
130 


Lys 


He 


Arg 


Arg 


Glu 
135 


Glu 


Arg 


Ala 


Arg 


Met 


Leu 


Gin 


Asp 


Gin 


145 










150 






His 


Ala 


Leu 


Ala 


He 
165 


Leu 


Val 


Ser 


Ser 


Ala 


He 


Asp 


Gin 


Glu 


Thr 


Phe 



180 



Gin Glu 


Glu 


Glu 


Glu 


Glu 


Pro 


Arg 


10 










15 




Ser Leu 


Glu 


Asn 


lieu 


Lys 


Ser 


Ser 


25 








30 






Gly Ala 


Leu 


Asn 


Ser 


Ser 


Glu 


Lys 








45 








Ser Gly 


Leu 


Met 


Gly 


Phe 


Ala 


Lys 






60 










His Ser 


Val 


Ala 


Val 


Lys 


Met 


Asn 




75 










80 


Gly Asn 


Lys 


Lys 


Gly 


Ser 


Thr 


Phe 


90 










95 




Pro Lys 


Ala 


Leu 


He 


Leu 


Trp 


He 


105 








110 






Gly He 


Tyr 


Gin 


Trp 


Met 


Asp 


Asp 








125 








Val Leu 


Val 


Ser 


Met 


Cys 


Asp 


Gin 






140 










Phe Ser 


Val 


Ser 


Val 


Asn 


His 


Val 




155 










160 


Thr Phe 


His 


Tyr 


His 


Lys 


Asn 


Pro 


170 










175 




Ala Glu 


Tyr 


Thr 


Ala 


Arg 


Thr 


Ala 


185 








190 
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Phe 


Glu 


Arg 


Pro 


Leu 


Leu 


Ser 


Gly 






195 










r\ r\ 

200 


As 11 


Phe 


Glu 


Arg 


Glu 


Met 


Phe 


Glu 




210 










215 




Thr 


Met 


Asp 


Arg 


Gly 


Glu 


Pro 


Ser 


f\ 0% F* 

225 










230 






Val 


lie 


Phe 


Ser 


Gin 


Asp 


Ser 


Val 










245 








Met 


Ser 


Gly 


Glu 


Glu 


Asp 


Arg 


Glu 








260 










Gly 


Lys 


Ala 


Val 


Leu 


Thr 


Ser 


Pro 






275 










280 


Leu 


Gly 


Val 


Val 


Leu 


* — 

Thr 


Phe 


Pro 




290 










295 




Asn 


Pro 


Thr 


Val 


Glu 


Glu 


Arg 


He 


305 










310 






Gly 


Ala 


Phe 


Asp 


Val 


Glu 


Ser 


Leu 










325 








Ala 


Gly 


Asn 


Gin 


Ala 


He 


Val 


Val 








340 










Ser 


Asp 


Pro 


Leu 


Val 


Met 


Tyr 


Gly 






355 










360 


Ser 


lieu 


Ser 


His 


Glu 


Ser 


Lys 


Leu 




370 










375 




His 


Lys 


Met 


He 


Cys 


Arg 


Tyr 


His 


385 










390 






Val 


Leu 


Thr 


Thr 


Val 


Pro 


Leu 


Phe 










405 








Tyr 


lie 


Leu 


Tyr 


Gly 


Ala 


Ala 


Met 








420 










Phe 


His 


Glu 


Met 


Gin 


Glu 


Leu 


Lys 






435 










440 


Ala 


Lys 


Ser 


Gin 


Phe 


Leu 


Ala 


Thr 




450 










455 




Met 


Asn 


Gly 


He 


Leu 


Gly 


Met 


Leu 


465 










470 






Ser 


Ser 


Thr 


Gin 


Arg 


Asp 


Tyr 


Ala 










485 








Ala 


Leu 


lie 


Ala 


Leu 


He 


Asn 


Glu 








500 










Ala 


Gly 


Lys 


Leu 


Glu 


Leu 


Glu 


Ser 






515 










520 


Leu 


Asp 


Asp 


Val 


Leu 


Ser 


Leu 


Phe 




530 










535 




lie 


Glu 


Leu 


Ala 


Val 


Phe 


Val 


Ser 


545 










550 






Gly 


Asp 


Ser 


Gly 


Arg 


Phe 


Arg 


Gin 










565 








Ser 


Val 


Lys 


Phe 


Thr 


Glu 


Lys 


Gly 








580 










Ala 


Glu 


Gin 


Ser 


Lys 


Asp 


Glu 


Ser 






595 










600 


Gly 


Val 


Ser 


Glu 


Glu 


Met 


He 


Val 




610 










615 




Thr 


Leu 


Ser 


Gly 


Tyr 


Glu 


Ala 


Ala 


625 










630 






Phe 


Lys 


His 


Leu 


Val 


Ser 


Glu 


Glu 



645 



Val 


Ala 


Tyr 


Ala 


Glu 


Lys 


Val 


Val 










1 f\ c 








Arg 


Gin 


HIS 


Asn 


Trp 


Val 


lie 


Lys 








lift 

220 










Pro 


Val 


Arg 


Asp 


Glu 


Tyr 


Ala 


Pro 






O *5 C 

235 










^40 


Ser 


Tyr 


Leu 


Glu 


Ser 


Leu 


Asp 


Met 




r> r" ft 

250 










*■» e c 
255 




Asn 


He 


Leu 


Arg 


Ala 


Arg 


Glu 


Thr 


265 










270 






Phe 


Arg 


Leu 


Leu 


Glu 


Thr 


His 


His 










285 








Val 


Tyr 


Lys 


Ser 


Ser 


Leu 


Pro 


Glu 








300 










Ala 


Ala 


Thr 


Ala 


Gly 


Tyr 


Leu 


Gly 






315 










320 


Val 


Glu 


Asn 


Leu 


Leu 


Gly 


Gin 


Leu 




330 










335 




His 


Val 


Tyr 


Asp 


He 


Thr 


Asn 


Ala 


345 










350 






Asn 


Gin 


Asp 


Glu 


Glu 


Ala 


Asp 


Arg 










^ ^ ^ 

365 








Asp 


Phe 


Gly 


Asp 


Pro 


Phe 


Arg 


Lys 








380 










Gin 


Lys 


Ala 


Pro 


He 


Pro 


Leu 


Asn 




395 










400 


Phe 


Ala 


He 


Gly 


Phe 


Leu 


Val 


Gly 




410 










415 




His 


He 


Val 


Lys 


Val 


Glu 


Asp 


Asp 


425 










430 






Val 


Arg 


Ala 


Glu 


Ala 


Ala 


Asp 


Val 










445 








Val 


Ser 


His 


Glu 


He 


Arg 


Thr 


Pro 








460 










Ala 


Met 


Leu 


Leu 


Asp 


Thr 


Glu 


Leu 






475 










480 


Gin 


Thr 


Ala 


Gin 


Val 


Cys 


Gly 


Lys 




490 










495 




Val 


Leu 


Asp 


Arg 


Ala 


Lys 


He 


Glu 


505 










510 






Val 


Pro 


Phe 


Asp 


He 


Arg 


Ser 


He 










525 








Ser 


Glu 


Glu 


Ser 


Arg 


Asn 


Lys 


Ser 








540 










Asp 


Lys 


Val 


Pro 


Glu 


He 


Val 


Lys 






555 










560 


He 


He 


He 


Asn 


Leu 


Val 


Gly 


Asn 




570 










575 




— — m- 

HX3 


He 


Phe 


Val 


Lys 


Val 


His 


Leu 


585 










590 






Glu 


Pro 


Lys 


Asn 


Ala 


Leu 


Asn 


Gly 










605 








Val 


Ser 


Lys 


Gin 


Ser 


Ser 


Tyr 


Asn 








620 










Asp 


Gly 


Arg 


Asn 


Ser 


Trp 


Asp 


Ser 






635 










640 


Gin 


Ser 


Leu 


Ser 


Glu 


Phe 


Asp 


He 




650 










655 
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Del 


Car 


7A en 

ash 


Veil 


Aiy 


T.ni 1 
ilCU 


1*1(5 L. 


Vdl 


Cor 
gel 




Li. 




X11L 


v71jr 


Tl e> 
lie 


Ctl v 

Cflj 








s^o 

0 0 u 










OQ J 










670 






lie 


riU 


JJCU 


VaX 


Ala 


fll n 
uin 




Axg 


Veil 




Tv/Tot- 
riCU 


p-rn 

XrJ, \J 


rue 


1*1C 


uriiJ. 


Al a 
Aid 






67R 










\j \j \j 










685 

W V s 








ASp 






lui 


C! 

OCX 


Arg 


AoXL 


iyr 


r»1 v 
oiy 


vjiy 


1111 


P51 V 


Tl f> 
11c 


Rl v 


AJCU 






con 










£QC 
Djj 










700 










Tl » 
11c 




Lys 


L*ys 


DcU 


Vdl 


m 11 
v?iu 


lieu 


Mpf 


Arg 


wijr 


Olil 


Tl p 
11c 


noli 


•IT IXC 


Tie 












71 0 










715 










720 




Arg 




£11 B 


■Lie 




Cor 
OCX 


iHL 


Xrllv? 


11JJ 


IrllC? 


Hi 1. 


Ala 


Val 
vax 


JJCU 


fll 11 
urxu 










/ ^3 




















7^^ 




Lys 




ASp 


Lys 


uys 


Gay* 


Ala 


Tl A 

lie 


Aall 


XI 1 0 






T ,1fQ 

uy 0 


Prn 


At) 11 


V Cl-L 








7 A ft 










7/c 










/ ZJ\J 






blU 


XT-i n 

lllS 


Leu 


irTO 


t>er 


inr 


irXle 


jjys 


biy 


Mnl- 

net 


jjys 


Aia 


Tl 0 
11c 


Val 


Val 
Val 


& on 
ASp 






/ 33 










/ O U 










7£^ 
/ DO 








Ala 


Lys 


Pro 


vai 


Arg 


Ala 


Ala 


vai 


xnr 


Arg 


iyr 


JalS 


wet. 


jjys 


Arg 


iieu 




/ /u 










one 
/ /3 










7ft n 










Gly 


lie 


W .I'M 

Asn 


vai 


Asp 


val 


vai 


inr 


ber 


Leu 


jjys 


inr 


Aia 


val 


vai 


Aia 


785 










790 






















Ala 


Ala 


Ala 


Pne 


GlU 


7\ _n_ j 

Arg 


Asn 


Gly 


ser 


fro 


lieu 


i*ro 


Tnr 


Lys 


rtO 


Gin 










805 










OlU 










013 




Leu 


Asp 


Met 


He 


Leu 


vai 


blU 


Lys 


Asp 


-w^ 

oer 


irp 


Tl a 

lie 


oer 


1 rtr 


blu 


ASp 








820 


























Asn 


ASp 


Ser 


Glu 


He 


Arg 


Leu 


Leu 


Asn 


oer 


Arg 


lilX 


ash 


r*i w 
Giy 


Asn 


vai 






QIC 

0 Jo 




























•ft tZ -a 

HIS 


HIS 


Lys 


Ser 


Pro 


Lys 


Leu 


7v n _ 

Ala 


Leu 


Fne 


TV T 

Aia 


1 fir 


ASH 


Tl ^ 

lie 


inr 


TV ftv^ 

Asn 




q r~ r\ 








ODD 




















Ser 


GlU 


Phe 


Asp Arg 


Ala 


Lys 


Ser 


7v n — » 

Ala 


Gly 


Fiie 


Al =a 

Aia 


Asp 


inr 


vai 


Tin 

lie 


865 










0 /o 










O /3 










ft aa 
001/ 


Met 


Lys 


Pro 


Leu Arg 


Ala 


Ser 


Met 


lie 


Gly 


■jv n 

Ala 


uys 


Leu 


Gin 


Gin 


vai 










885 










q An 










QQC 
073 




Leu 


Glu 


Leu 


Arg Lys 


Thr 


Arg 


Gin 


Gin 


nlS 


Pro 


GlU 


Giy 


t>er 


O 

oer 


riO 








900 










one 










?iu 






Ala 


xhr 


Leu 


I»ys 


Ser 


Leu 


lieu 


xiir 


txiy 


Lys 


jjys 


Tl a 

lie 


lieu 


*7o1 
val 


T7a1 
Val 


TV f 1 v\ 

ASp 






yit> 




















7«3 








Asp 


Asn 


lie 


Vai 


Asn 


Arg 


Arg 


vai 


Ala 


Aia 


Giy 


Al a 

Aia 


iieu 


jjys 


T.tfcs 

Jjy 0 


xrllc 


































Gly 


TV "1 — » 

Ala 


GlU 


Vai 


Vai 


Cys 


Aia 


Glu 


Ser 


Gly 


Gin 


vai 


Ala 


Leu 


va?iy 


IlCU 






















^/ J J 










960 

^ u u 


Leu 


Gin 


He 


Pro 


His 


Thr 


Phe 


Asp 


Ala 


Cys 


Phe 


Met 


Asp 


He 


Gin 


Met 










965 










970 










975 




Pro 


Gin 


Met 


Asp Gly 


Phe 


Glu 


Ala 


Thr 


Arg 


Gin 


He 


Arg 


Met 


Met 


Glu 








980 










985 










990 






Lys 


Glu 


Thr 


Lys 


Glu 


Lys 


Thr 


Asn 


Leu 


Glu 


Trp 


His 


lieu 


Pro 


He 


Leu 






995 










1000 








1005 






Ala 


Met 


Thr 


Ala Asp 


Val 


He 


His 


Ala 


Thr 


Tyr 


Glu 


Glu 


Cys 


Leu 


Lys 



1010 1015 1020 



Ser Gly Met Asp Gly Tyr Val Ser Lys Pro Phe Glu Glu Glu Asn Leu 
1025 1030 1035 1040 

Tyr Lys Sex Val Ala Lys Ser Phe Lys Pro Asn Pro He Ser Pro Ser 

1045 1050 1055 

Ser 



<210> 29 
<211> 1057 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> derived from Arabidopsis thaliana 



<400> 29 



Mot* 


Hall 


irp 


jnULct 


lie Li 


noil 


JnblX 


JlJlo 


m n 


UlU 


f2i f2in niii miii 

\7XlX VJXU V31U UiU 


Ir X, KJ 


Airg 


i 

X 








c 










i n 

xu 




X 3 




Arg 


Tl A 

lie 


uXU 


lie 


ocX 


ASp 


Oat* 
OC1 


urxU 


oer 




biu Asn jueu xiys 


Gat* 

OCX 


O A V* 

OCX 


















OC 










ASp 


irlie 


ryr 




lieu 


r*l 

uiy 


r>l tr 

ijiy 


r»l tr 

uiy 


r*l tr 

tiiy 


7V 1 a 
Aid 


xt€U ASII o6x ocx 


rtlii 
uiU 


xjy B 






•3 3 






















Fro 




T-^ fi 

juys 


Tl A 

lie 


ASp 


r>Vi «a 
rile 


irp 


Arg 


Oat* 

oer 


r*l ir 

vaiy 


xieu fiet uiy Jrne 


Aia 


T.tra 

iiys 




en 
DU 
























wee 




bin 


fll Tl 

tain 


/ll Tl 


uin 


iieu 


r*l r-i 
uin 


xlxS 


oer 


T7"r*l 7Al *a T7a 1 Tiro 

vai Aia vai lys 




Aoll 


£ c. 
OJ 










on 










OC 

/b 




n ft 

o V 


Abii 


Asn 


#»1 VI 

asii 


Asn 


Asn 


ASp 


iieu 


Met 


Gly 


Asn 


jjys Jjys wiy oer 


inr 


pne 










OJ 










on 








lie 


f»l VI 

lain. 


LrlU 


HIS 


Arg 


Aia 


iieu 


Leu 


Fro 


Lys 


Aia jjeu lie iteu 


Trp 


Tl A 

lie 








1 ftft 










1UD 




llu 






lie 


lie 


vai 


uiy 


irne 


Tl A 

lie 


O A V> 


oer 


f+1 tr 

triy 


Tl a 

lie 


irtiM f 1 ti rpT*T*t Ma4* 

iyr uin irp wee 


TV ot*i 

ASp 


ASp 






1 1 c. 










i on 






1 OR 






AJLa 


Asn 


Lys 


Tl a 

lie 


Arg 


Arg 


GlU 


/"•I 11 

VjIU 


vai 


iieu 


vai oer wet uys 


ASp 


m ti 
bin 




i oft 


















1 Aft 
X*± U 






Arg 


Ala 


Arg 


TV/!,-. i_ 

Met 


Leu 


Gin 


Asp 


Gin 


pne 


&er 


val oer vai Asn 


nlS 


vai 


145 










*1 C A 

IbU 










tec 

lbb 




i cn 

lOU 


HXS 


Ala 


Leu 


Ala 


lie 


Leu 


Val 


Ser 


Tnr 


Pne 


His Tyr His Lys 


Asn 


Pro 










lob 










1 /U 




1 oc 
1 /b 




Ser 


Ala 


lie 


Asp 


Gin 


GlU 


Thr 


Pne 


Ala 


^*n . 

Glu 


Tyr Tnr Ala Arg 


Thr 


TV 1 -a 

Ala 








T Q A 

loU 










IOC 

lob 




iy u 






Phe 


Glu 


Arg 


Pro 


Leu 


Leu 


Ser 


Gly 


Val 


Ala 


Tyr Ala Glu Lys 


TT- t 

vai 


vai 






195 










inn 

200 






205 






Asn 


Phe 


Glu 


Arg 


Glu 


Met 


Pne 


Glu 


Arg 


Gin 


His Asn Trp Val 


lie 


Lys 




210 










215 








1 1 r\ 

220 






Thr 


Met 


Asp 


Arg 


Gly 


Glu 


Pro 


Ser 


Pro 


u_ t 

Val 


Arg Asp Glu Tyr 


ii . 
Aia 


Pro 


o *■*» t 

225 










^ o n 
230 










1 1 IT 

235 




OA ft 


Val 


lie 


Pne 


Ser 


Gin 


Asp 


Ser 


Val 


Ser 


Tyr 


Leu Glu Ser Leu 


ASp 


Met 










^4b 










OCA 




o cc 




Met 


ber 


oiy 


(jxU 


/■•I ii 
VjIU 


Asp 


Arg 


LrlU 


Asn 


Tl a 

lie 


lieu Arg Aia Arg 


IjlU 


inr 








OC ft 




















uiy 


i»ys 


Aid 


vai 


T *■ ** 

lieu 


inr 


Del 


jrro 


pne 


Arg 


t ^*«.i i t ^*^i i ^^1 1 1 nr^Vi v* 

lieu lieu biu inr 


XllS 


TT-i a 










* 


















LeU 


r*l tr 

c»iy 


vai 


vai 


Leu 


inr 


pne 


Jrro 


Val 


iyr 


jjys oer oer i»eu 


JrxO 


m ii 




o on 
























Asn 


pro 


inr 


vai 


G1U 


GlU 


Arg 


Tl 

lie 


Aid 


74l — i 

Aia 


Tnr Aia tiiy iyr 


ireu 


rrSl tr 

u»iy 












Ol ft 

JlU 










jib 




0;Oft 




Ala 

iU.a 


pne 


ASp 


vai 


r»l « 
urlU 


O A V 

OCX 


xieu 


val 


f3l ii 

ulu 


^ rtv\ T _ *» T ,£t«i ^ "» 1 -m-w 

Asn iieu iieu i?iy 


Olxx 


T ^fci i 
XiC u. 










o,o *z 














o.qt; 




Ala 


Gly 


*** ■ 

Asn 


Gin 


Ala 


He 


Val 


Val 


HIS 


XT- t 

Val 


Tyr Asp lie Thr 


Asn 


ii n 

Ala 








340 










345 




350 






Ser 


Asp 


Pro 


Leu 


Val 


Met 


Tyr 


Gly 


Asn 


Gin 


Asp Glu Glu Ala 


Asp 


Arg 






355 










360 






365 






Ser 


lieu 


Ser 


His 


Glu 


Ser 


Lys 


Leu 


Asp 


Phe 


Gly Asp Pro Phe 


Arg 


Lys 




370 










375 








380 






His 


Lys 


Met 


He 


Cys 


Arg 


Tyr 


His 


Gin 


Lys 


Ala Pro He Pro 


Leu 


Asn 


385 










390 










395 




400 


Val 


Leu 


Thr 


Thr 


Val 


Pro 


Leu 


Phe 


Phe 


Ala 


He Gly Phe Leu 


Val 


Gly 










405 










410 




415 




Tyr 


lie 


Leu 


Tyr 


Gly 


Ala 


Ala 


Met 


His 


He 


Val Lys Val Glu 


Asp 


Asp 








420 










425 




430 
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xrXXc 


XllD 


Ul U. 


Mot* 


oin 


UlU 


lieu 


uys 






*x J D 












1V1 r» 
Aia 


jjyB 




urin 


rile 


T 1 

JjSU 


Ala 


inr 


















Wet 




r*i v 

Giy 


Tl ex 

ne 


beu 


Gly 




jueu 












4 /u 






Cay* 

□er 


A v« 

Del 


inr 


pi — , 

uin 


Arg 


ASp 


iyx 


TVl a 
Ala 


















Aia 


i*eu 


Tl A 

lie 


21 1 a 
Ala 


iieu 


lie 


& gj ■*! 
ash 


ni n 
ulu 


















Aid 


Gly 


Lys 


lieu 


(jlU 


Leu 


r*i 
blu 


O v* 






DID 










*> n 


Leu 


Asp 


Asp 


val 


Leu 


Ser 


Leu 


pne 




530 










CO c 




He 


Glu 


Leu 


Ala 


Val 


Pne 


Val 


Ser 


545 










c r f\ 

550 






Gly 


Asp 


Ser 


Gly 


Arg 


Pne 


Arg 


Gin 










565 








Ser 


Val 


Lys 


Pne 


Tnr 


/*fl 

GlU 


Lys 


Ol « m 

Gly 








con 

580 










K 1 a 

Ala 


Glu 


Gin 


Ser 


Lys 


Asp 


/in 

GlU 


Ser 






e o it 
595 










bUU 


Gly 


Val 


Ser 


GlU 


GlU 


Met 


lie 


vai 




610 










bio 




Thr 


Leu 


Ser 


Gly 


Tyr 


Glu 


Ala 


Ala 


S* **l c 

625 










630 






Pne 


Lys 


His 


Leu 


Val 


Ser 


GlU 


GlU 










645 








Ser 


Ser 


Asn 


Val 


Arg 


Leu 


Met 


Val 








c C f\ 

660 










He 


Pro 


Leu 


Val 


Ala 


Gin 


Gly 


Arg 






O / D 










can 


Asp 


Ser 


Ser 


Tnr 


Ser 


Arg 


Asn 


Tyr 




^ t\ r\ 
690 










695 




He 


Ser 


Lys 


Cys 


Leu 


Val 


GlU 


Leu 


rt c 

705 










710 






Ser 


Arg 


Pro 


His 


He 


Gly 


Ser 


Tnr 










725 








Lys 


Cys 


Asp 


Lys 


Cys 


Ser 


Ala 


He 








740 










Glu 


His 


Leu 


Pro 


Ser 


Thr 


Pne 


Lys 






nrp 

755 










^ i% 

760 


Ala 


Lys 


Pro 


Val 


Arg 


Ala 


Ala 


TT- T 

val 




Tin 

770 










775 




Gly 


He 


Asn 


Val 


Asp 


Val 


val 


Tnr 


7o5 










790 






Axa 


■jkl _ 

Ala 


•Jk "1 _ 

Ala 


pne 


GlU 


Arg 


Asn 


Gly 










one 








Leu 


Asp 


Met 


xie 


Leu 


Val 


GlU 


i>ys 


















Asn 


Asp 


Ser 


Glu 


He 


Arg 


Leu 


Leu 






835 










840 


His 


His 


Lys 


Ser 


Pro 


Lys 


Leu 


Ala 




850 










855 




Ser 


Glu 


Phe 


Asp 


Arg 


Ala 


Lys 


Ser 


865 










870 






Met 


Lys 


Pro 


Leu 


Arg 


Ala 


Ser 


Met 



885 



vai 


Arg 


ZVl a 
Aid 


m ii 


Ala 
^4 j 


Ala 
Ala 


ASp 


Val 


vai 


C A V s 

oer 


/ll Tl 


m ii 
460 


lie 


Arg 




pro 


Ala 


Ma4- 


iieu 
475 


iieu 


ASp 


II '1-1 y» 

inr 


ni ii 

UlU 


lieu 
480 


r^l t*i 

urin 


inr 
490 


Ala 


fl -r-i 

oin 


Val 


uys 


r2l 

uiy 
495 


jjys 


vai 


Leu 


ASp 


Arg 


Aia 


Lys 


Tl a 

lie 


r*l ii 
LvlU 


505 










510 






vai 


Pro 


pne 


Asp 


lie 


Arg 


&er 


Tl ^ 

lie 


Ser 


GlU 


GlU 


ber 
540 


Arg 


IV 4-1 VI 

Asn 


Lys 


oer 


Tfc 

Asp 


Lys 


Val 
555 


Pro 


***i 

GlU 


Tl — 

He 


Val 


Lys 
560 


He 


-w- n _ 

lie 
570 


lie 


Tk 

Asn 


Leu 


Val 


Gly 
575 


ik _ . 
Asn 


His 


He 


T^-lT_ _ 

Pne 


Val 


Lys 


Val 


His 


Leu 


585 










590 






Glu 


Pro 


Lys 


Asn 


Ala 

OUD 


Leu 


Asn 


Gly 


Val 


Ser 


Lys 


Gin 
620 


Ser 


Ser 


Tyr 


Asn 


«L 

Asp 


Gly 


Arg 
635 


Asn 


Ser 


Trp 


Asp 


Ser 
640 


Gin 


Ser 
650 


Leu 


Ser 


GlU 


Pne 


Tk 

Asp 
655 


Tl a 

lie 


Ser 


He 


Glu 


Asp 


Thr 


Gly 


T 1 a 

He 


Gly 


665 










670 






TT 1 

Val 


Pne 


Met 


Pro 


Phe 

o rr 

bob 


Met 


/ii « 
Gin 


■jk T — 

Ala 


Gly 


Gly 


Thr 


Gly 
700 


Tl — — 

He 


^(1 « m 

Gly 


Leu 


Ser 


Met 


Arg 


Gly 
715 


Gin 


Tl A 

lie 


Asn 


Tkl_ — 

pne 


Tl A 

lie 
720 


Pne 


Trp 
730 


Pne 


Thr 


■jk -i „ 
Ala 


TT_ 1 

Val 


Leu 
735 


GlU 


Asn 


HIS 


Met 


Lys 


Lys 


Pro 


Asn 


■r t— -| 

Val 


745 










750 






Gly 


Met 


Lys 


Tk Tj 

Ala 


He 

*-§ c c 

765 


Val 


TT— ■» 

Val 


Asp 


Thr 


Arg 


Tyr 


Hxs 
780 


Met 


Lys 


Arg 


Leu 


Ser 


Leu 


Lys 
795 


Tnr 


Ala 


TT— *1 

vai 


vai 


■jk T _ 

Aia 
800 


Ser 


Pro 
810 


T Am* 

Leu 


Pro 


Tnr 


Lys 


Pro 
815 


r*l t-» 


ik . . , _ 
Asp 


Ser 


Trp 


lie 


Ser 


Thr 


GlU 


Asp 


825 










830 






Asn 


Ser 


Arg 


Thr 


Asn 
845 


Gly 


Asn 


Val 


Leu 


Phe 


Ala 


Thr 
860 


Asn 


He 


Thr 


Asn 


Ala 


Gly 


Phe 
875 


Ala 


Asp 


Thr 


Val 


He 
880 


He 


Gly 
890 


Ala 


Cys 


Leu 


Gin 


Gin 
895 


Val 
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JJCU 


V71LL 


T .01 1 


TV yn T.i»o 

ax y Jjy 0 
900 


Thr 


Axy 


I7J.II 


vslll 

905 


Rio 


ir X. u 




vjxy 


Cot* 

910 


0 J- 


rlU 


7\ 1 =» 
nl Ct 


1 llx 


JJ6U. 

915 


jjy 0 0 ci 


lieu 


lieu 


1 n r 

920 






uy 0 


lie 


925 


veil 


veil 


TV <2T"* 
AoLy 


ASp 


ash 

Q*3 ft 


ne 


TTa T 74 a*"* 

vai Asn 


ATy 


7A w< 

Arg 

QIC 


vax 


7Al 0 


Til a 
Ala 


tay 
• 


Aia 


ueu 


lays 


Lys 


DV»o 
IrXlc 




7\ T =s 

Aia 


CI it 


vax vaj. 


uys 


Tit 

Aia 


Glu 


Ser 


Gly 


bin 


vai 


Ala 


Leu 


(jj.y 


jjeu 


QA ^ 


















QCC 










Q£ft 


Jjcll 


Gin 


He 


riO ill S 


inr 


Phe 


Asp 


Ala 


uys 

7 / u 


file 


Met 


Asp 


He 


\?JLn 

3 / D 


rJcU 


Pro 


Gin 


Met 


Asp uj.y 

Q Aft 
SOU 


Phe 


Glu 


Ala 


Thr 
985 


74 

ATy 


Gin 


He 


Arg 


Met 
990 


Met 


Glu 


Lys 


Glu 


Thr 


Lys Glu 


Lys 


Thr 


Asn 


Leu 


Glu 


Trp 


His 


Leu 


Pro 


He 


Leu 






995 








1000 








1005 






Ala 


Met 


Thr 


Ala Asp 


Val 


He 


His 


Ala 


Thr 


Tyr 


Glu 


Glu Cys 


Leu 


Lys 




1010 






1015 








1020 








Ser 


Gly Met 


Asp Gly 


Tyr 


Val 


Ser 


Lys 


Pro 


Phe 


Glu 


Glu 


Glu 


Asn 


Leu 


1025 






1030 








1035 






1040 


Tyr Lys 


Ser 


Val Ala 


Lys 


Ser 


Phe 


Lys 


Pro 


Asn 


Pro 


He 


Ser 


Pro 


Ser 








1045 








1050 








1055 



Ser 



<210> 30 
<211> 1057 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> derived from Arabidopsis thaliana 
<400> 30 



Met 


Asn 


Trp 


Ala 


Leu 


Asn 


Asn 


His 


Gin 


Glu 


Glu 


Glu 


Glu Glu 


Pro 


Arg 


1 








5 










10 








15 




Arg 


He 


Glu 


He 
20 


Ser 


Asp 


Ser 


Glu 


Ser 
25 


Leu 


Glu 


Asn 


Leu Lys 
30 


Ser 


Ser 


Asp 


Phe 


Tyr 
35 


Gin 


Leu 


Gly 


Gly 


Gly 
40 


Gly 


Ala 


lieu 


Asn 


Ser Ser 
45 


Glu 


Lys 


Pro 


Arg 

50 


Lys 


He 


Asp 


Phe 


Trp 
55 


Arg 


Ser 


Gly 


Leu 


Met 
60 


Gly Phe 


Ala 


Lys 


Met 


Gin 


Gin 


Gin 


Gin 


Gin 


Leu 


Gin 


His 


Ser 


Val 


Ala 


Val Lys 


Met 


Ann 


65 










70 










75 








80 


Asn 


Asn 


Asn 


Asn 


Asn 
85 


Asp 


Leu 


Met 


Gly 


Asn 
90 


Lys 


Lys 


Gly Ser 


Thr 
95 


Phe 


He 


Gin 


Glu 


His 
100 


Arg 


Ala 


Leu 


Leu 


Pro 
105 


Lys 


Ala 


Leu 


He Leu 
110 


Trp 


He 


He 


He 


Val 


Gly 


Phe 


He 




Ser 


Gly 


He 


Tyr Gin Trp Met 


Asp 


Asp 






115 










120 










125 






Ala 


Asn 


Lys 


He 


Arg 


Arg 


Glu 


Glu 


Val 


Leu 


Val 


Ser 


Met cys 


Asp 


Gin 




130 










135 










140 






Val 


Arg 


Ala 


Arg 


Met 


Leu 


Gin 


Asp 


Gin 


Phe 


Ser 


Val 


Ser 


Val Asn 


His 


145 










150 










155 








160 


His 


Ala 


Leu 


Ala 


He 
165 


Leu 


Val 


Ser 


Thr 


Phe 
170 


His 


Tyr 


His Lys 


Asn 
175 


Pro 


Ser 


Ala 


He 


Asp 


Gin 


Glu 


Thr 


Phe 


Ala 


Glu 


Tyr 


Thr Ala Arg 


Thr 


Ala 








180 










185 








190 






Phe 


Glu 


Arg 


Pro 


Leu 


Leu 


Ser 


Gly 


Val 


Ala 


Tyr Ala 


Glu Lys 


Val 


Val 
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inn 


Asn 


Pne 


Glu 


Arg 


Glu 


Met 


Pne 


Glu 




O *1 ft 

210 










215 




Thr 


Met 


Asp 


Arg 


Gly 


Glu 


Pro 


Ser 


»-» o c* 

225 










230 






val 


He 


Pne 


Ser 


Gin 


Asp 


Ser 


Val 










245 








Met 


Ser 


Gly 


Glu 


Glu 


Asp 


Arg 


Glu 








r\ ^ f\ 
260 










Gly 


Lys 


Ala 


Val 


Leu 


Thr 


Ser 


Pro 






275 










280 


Leu 


Gly 


Val 


Val 


Leu 


Mil 

Thr 


Phe 


Pro 




290 










295 




Asn 


Pro 


i 

Thr 


Val 


Glu 


Glu 


Arg 


He 


305 










310 






Gly 


Ala 


Phe 


Asp 


Val 


Glu 


Ser 


Leu 










325 








Ala 


Gly 


Asn 


Gin 


Ala 


He 


Val 


Val 








340 










Ser 


Asp 


Pro 


Leu 


Val 


Met 


Tyr 


Gly 






355 










360 


Ser 


Leu 


Ser 


His 


Glu 


Ser 


Lys 


Leu 




370 










375 




HIS 


Lys 


Met 


He 


Cys 


Arg 


Tyr 


His 


385 










390 






Val 


Leu 


Thr 


Thr 


Val 


Pro 


Leu 


Phe 










405 








Tyr 


He 


Leu 


Tyr 


Gly 


Ala 


Ala 


Met 








420 










Phe 


His 


Glu 


Met 


Gin 


Glu 


Leu 


Lys 






435 










440 


Ala 


Lys 


Ser 


Gin 


Phe 


Leu 


Ala 


Thr 




450 










455 




Met 


Asn 


Gly 


He 


Leu 


Gly 


Met 


Leu 


465 










470 






Ser 


Ser 


Thr 


Gin 


Arg 


Asp 


Tyr 


Ala 










485 








Ala 


Leu 


He 


Ala 


Leu 


He 


Asn 


Glu 








500 










Ala 


Gly 


Lys 


Leu 


Glu 


Leu 


Glu 


Ser 






W* n ^™ 

515 










520 


Leu 


Asp 


Asp 


Val 


Leu 


Ser 


Leu 


Phe 




530 










535 




He 


Glu 


Leu 


Ala 


Val 


Phe 


Val 


Ser 


545 










550 






Gly 


Asp 


Ser 


Gly 


Arg 


Phe 


Arg 


Gin 










565 








Ser 


Val 


Lys 


Phe 


Thr 


Glu 


Lys 


Gly 








580 










Ala 


^w ^ 

Glu 


Gin 


Ser 


Lys 


Asp 


Glu 


Ser 






595 










600 


Gly 


Val 


Ser 


Glu 


Glu 


Met 


He 


Val 




610 










615 




Thr 


Leu 


Ser 


Gly 


Tyr 


Glu 


Ala 


Ala 


625 










630 






Phe 


Lys 


His 


Leu 


Val 


Ser 


Glu 


Glu 










645 








Ser 


Ser 


Asn 


Val 


Arg 


Leu 


Met 


Val 



205 



Arg 


Gin 


His 


Asn 


Trp 


Val 


He 


Lys 


Pro 


Val 


Arg 
Zoo 


Asp 


Glu 


Tyr 


Ala 


Pro 

OA ft 


Ser 


Tyr 


Leu 


Glu 


Ser 


Leu 


Asp 

ore 


Met 


Asn 


He 


Leu 


Arg 


Ala 


Arg 


Glu 


Thr 


o e c 
265 










Z t\j 






j-ne 


Arg 


iieu 


iieu 


UiU 
O O fT 

285 


inr 


XllS 


XT -I d 
XllS 


Val 


Tyr 


Lys 


Ser 
300 


Ser 


Leu 


Pro 


Glu 


Ala 


Ala 


Thr 
315 


Ala 


Gly 


Tyr 


Leu 


Gly 
320 


Val 


Glu 

"i *i rt 

330 


Asn 


Leu 


Leu 


Gly 


Gin 
335 


Leu 


His 


Val 


Tyr 


Asp 


He 


Thr 


Asn 


Ala 


345 










T r n 

350 






Asn 


bin 


ASp 


r*l it 
blU 


vjIU 
365 


Aia 


ASp 


Arg 


Asp 


Phe 


Gly 


Asp 

ft f\ 
380 


Pro 


Phe 


Arg 


Lys 


Gin 


Lys 


Ala 
395 


Pro 


He 


Pro 


Leu 


Asn 
400 


Phe 


Ala 
410 


He 


Gly 


Phe 


Leu 


Val 
415 


Gly 


His 


He 


Val 


Lys 


Val 


Glu 


Asp 


Asp 


425 










430 






val 


Arg 


Ala 


GlU 


Ala 
445 


Ala 


Asp 


val 


Val 


Ser 


His 


Glu 
460 


He 


Arg 


Thr 


Pro 


Ala 


Met 


Leu 
475 


Leu 


Asp 


Thr 


Glu 


Leu 

480 


Gin 


Thr 
490 


Ala 


Gin 


Val 


Cys 


Gly 
495 


Lys 


Val 


Leu 


Asp 


Arg 


Ala 


Lys 


He 


Glu 


505 










510 






Val 


Pro 


Phe 


Asp 


He 
525 


Arg 


Ser 


He 


Ser 


Glu 


Glu 


Ser 

C A ft 

540 


Arg 


Asn 


Lys 


Ser 


Asp 


Lys 


Val 

555 


Pro 


Glu 


He 


Val 


Lys 
5o0 


He 


He 

5 /U 


He 


Asn 


Leu 


Val 


Gly 

etc 

575 


Asn 


His 


He 


Phe 


Val 


Lys 


Val 


His 


Leu 


cor 

585 










590 






VjJLU 


irXTO 


iiys 


Asn 


Aia 
605 


iieu 


ash 


eiy 


Val 


Ser 


Lys 


Gin 
620 


Ser 


Ser 


Tyr 


Asn 


Asp 


Gly 


Arg 
635 


Asn 


Ser 


Trp 


Asp 


Ser 
640 


Gin 


Ser 
650 


Leu 


Ser 


Glu 


Phe 


Asp 

655 


He 


Ser 


He 


Glu 


Asp 


Thr 


Gly 


He 


Gly 
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665 

W w *J 










670 






JL XC 


IT JL \J 


JJCU 


V ctx 




VJ1U 


Giy 


nly 


Vai 

V CL JL 


rue 




XT J- KJ 




l ie 


Gin 


Ala 






675 










680 

U U V 










685 

V V V 








nop 


OCX 


Car 


lUl 


Car 
OCX 


«iy 


■ricril 


fin* 






XXIX 


«iy 


Tl e» 
X xc 




ueu 


oe>i> 




con 




















7nn 










1X6 




Lys 




JJCU 


Va 1 
Vdl 


fll n 
olu 


XI Cu 




Axy 


Giy 


m n 


Tip 
IXC 


AOll 


IrXLC 


Tl f» 
lie 


705 










710 










71 R 










720 


OCX 


ATy 


Cm 

xriO 


TT-t a 


lie 


Giy 


OCX 


XXLX 


IT L1C 


1 X^l 


IT IlC 


1XLX 


al a 

iila 


Vai 

VAX 


XtCLl 


ul LI 










795 










7^0 










7^5 




iiys 


t-ys 


A&p 


jLtys 


uys 


OCX 


Til a 
Ala 


Tl r* 
lie 


7V DTI 


XT -J a 
XXX O 


net. 


xiy t> 


xi_y o 


irX U 


7S nn 

rUill 


Ua 1 

vax 








•7A n 

/4fc u 




















750 






rn n 
ulU 


JUxS 


Leu 


Fro 


oer 


IHx 


JrOe 


Lys 


u»iy 


net 


Lys 


Alci 


Tl o 
lie 


Vai 

v ax 


Vai 
Vai 


nop 






7^<? 
/ OD 




















765 

/OS 








Aia. 


Lys 


Fro 


vai 


Arg 


Ala 


Aia 


vai 


inr 


Arg 


iyx 


HIS 


Mot" 
del. 


Lys 


Arg 


XieU 




•7*7 ft 




















TQft 
/ OU 










Gly 


i-ie 


Asn 


IT- T 

vai 


Asp 


vai 


vai 


inr 


oer 


Leu 


Lys 


inr 


ii » 

Aia 


Vai 


vai 


7\ 1 a 

Aia 


7ob 










•7Q A 

/yu 










/yo 










Qft ft 


Ala 


Ala. 


Ala 


pne 


G1U 


Arg 


Asn 


my 


ber 


Fro 


lieu 


Fro 


inr 


Lys 


Fro 


Gin 










one 










Ol ft 
OlU 










olj 




T A** 

Leu 


Asp 


Met 


*r*i a 

lie 


Leu 


vai 


G1U 


Lys 


Asp 


t>er 


Trp 


lie 


O d"^ V* 

oer 


inr 


GlU 


ASp 








O 1 A 




















Q*i ft 






Asn 


ASp 


~i_n. 

Ser 


GIU 


Ti- 
ne 


Arg 


Leu 


Leu 


Asn 


oer 


Arg 


inr 


Asn 


Giy 


Asn 


vai 






Q*3 C 










Qd ft 


















HXS 


HIS 


Lys 


V* 

oer 


pro 


Lys 


lieu 


Aia 


Leu 


T>V, d 

rile 


Aia 


inr 


Asn 


Tl A 

lie 


inr 


ASH 




obU 










nrr 
ODD 




















Ser 


GJ.U 


Pne 


Asp 


Arg 


Aia 


Lys 


Ser 


Aia 


Giy 


pne 


TV T 

Aia 


Asp 


inr 


vai 


Tl £k 

lie 












Q i n 










O /D 










oft n 


Met 


Lys 


Pro 


Leu 


Arg 


Ala 


Ser 


Met 


Tl A 

lie 


Gly 


Ala 


cys 


Leu 


Gin 


Gin 


vai 










bob 










O Qft 














Leu 


Glu 


Leu 


Arg 


Lys 


Thr 


Arg 


Gin 


Gin 


HIS 


Pro 


GlU 


Gly 


Ser 


oer 


Fro 








f\ f\ A 

900 










o f\ c 

yob 










yiu 






Ala 


Thr 


Leu 


Lys 


Ser 


Leu 


Leu 


Tiir 


Gly 


Lys 


Lys 


lie 


Leu 


vai 


vai 


ASp 






yib 










QOft 


















Asp 


Asn 


lie 


vai 


Asn 


Arg 


Arg 


vai 


Aia 


Aia 


Giy 


Aia 


xieu 


iiys 


Lys 


r>Vi a 
rue 




yj u 










QIC 










OA ft 










Gly 


AJ.3. 


G1U 


vai 


IT-* 1 

vai 


uys 


Ala 


Glu 


Ser 


r"*l 

Giy 


r*i *i 
Gin 


vai 


Ala 


Leu 


Giy 


xieu 


y^o 
































Leu 


Gin 


He 


pro 


HIS 


inr 


Phe 


Asp 


Ala 


uys 


rile 


Met 


Asn 


He 


uin 






















/ U 










y to 




Pro 


Gin 


Met 


Asp 


Gly 


Phe 


Glu 


Ala 


Thr 


Arg 


Gin 


He 


Arg 


Met 


Met 


Glu 


















985 










990 






Lys 


Glu 


Thr 


I>ys 


Glu 


Lys 


Thr 


Asn 


Leu 


Glu 


Trp 


His 


lieu 


Pro 


He 


Leu 






995 










1000 








1005 






Ala 


Met 


Thr 


Ala 


Asp 


Vai 


He 


His 


Ala 


Thr 


Tyr 


Glu 


Glu Cys 


Leu 


Lys 




1010 








1015 








1020 








Ser 


Gly Met 


Asp 


Gly 


Tyr 


Vai 


Ser 


Lys 


Pro 


Phe 


Glu 


Glu 


Glu 


Asn 


Leu 


1025 








1030 








1035 






1040 


Tyr Lys 


Ser 


Vai 


Ala 


Lys 


Ser 


Phe 


Lys 


Pro 


Asn 


Pro 


He 


Ser 


Pro 


Ser 



1045 1050 1055 



Ser 
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